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JOHN" WILLIAM DEAPEE, M.D., LL.D, 



Dbab Sm: — 

It seems peculiiirlj itpp x>p i< te th t this Tolume ehoulil be dedicated to 
you, Koomng the eminent e teem q which ycra lire held ia the ciwles of 
European sdence, I cannot donbt that the distinguished authors of the fot- 
lowmg eB3aj3 wouhl cocdiallj approve this comieclJon of jour n^no with 
thdr inirodudjon to the American public 

There is, besides, a further reason for this 'm. tliat large colucidenoo of 
purpose which is manifest in thdr labors and youc own. Por while tlie per- 
vading design of the present collection ia to widen the range of thought by 
unfoldii^ a broader philosophy of the energies of nature, your own compre- 
heodTe course of research — be^nnb^ with an extended series of experi- 
mental iuTGSligaUona in chemical physics anil phj^ology, and rising to tjie 
oondderation of that splendid problem, the bearing of sdence upon the His- 
tory of tlie Intellectual Dovdopment of Europe — has powerfully contributed 
to the same noblo end ; that of elevating Hie aim and enlai^ng the scope of 
Bdenljflc inquiry. 

I gladly avail myself of this occaaon to say how greatly I am indebted 
to your writings, in which aoourate and profound instracdon is so often and 
b^pily blended with the charms of poeUe eloquence. That you may live 
long to enjoy your well-won honors, and to contribute aW further to the 
triumphant ad tcnce of soicntific tjiitli, is the hcnrtfclt wish of 
Youi's truly, 

B. L. Y. 
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PKEFAOE 



In his address before the British Association for the AdYaao*' 
mont of Soienoe last jear, the President remarked that Uta new 
views of the OoiTelation and Conservation of Forces constitute the 
most important discovery of the present centnry. The remark ia 
prohahlj jnst, prolific as has heen this period in grand scientific re- 
snlla. No one can glance through the current sdentiflo pnhlioa- 
tions withont perceiving that these views are attracting the pro- 
found attention of the most thoughtful minds. The lively con- 
troversy that las been carried on for the last two or three years 
respecting the share that different men of different countries have 
had in their establishment, stjll further attests the estimate placed 
upon them in the scientific world. 

But little, however, has heen puhhshed in this country upon the 
snhjeot; no complete work, I believe, except the admirable volume 
of Pro£ Tyndall on "Heat as a Mode of Motion," in which the 
new philosophy is adopted, and applied to the explanation of ther- 
mal phenomena in a vei'j dear and forcible manner. I have, there- 
fore, thought it would he a useful service to the public to reissue 
some of the ablest presentations of these views which have ap- 
peared in Europe, m a compact and convenient form. The eelec- 
tioa of these discnssions has heen determined by a desire to com- 
bine doarness of exposition with, authority of statement. In the 
first of those respects the essays will speak for themselves ; in re- 
gard to the last I may remark that aU the authors quoted stand 
high as founders of the new theory of forces. Although I am not 
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aware that Prof. Liebig Jias made any claims 'n this direction, yet 
it can scarcely be doubted that lis origiaal icseai'clica in Animal 
Obemistry tended sti-ongly toward tba promotion of the science of 
vitd dynamics. 

The work of Professor Grore, wbieb is lere reprinted in fiill, 
hits a high. European reputation, having passed to the fomth edi- 
tion in England, and been translated into so¥eral contineatal lan- 
gaagea. It is hardly to the credit of science in our conatry, that 
tliis is the first American edition. The eloquent and interesting 
paper of Helmholtz, though delivered m a populai" lecture, was 
translated for the Philosophical Magaaiue, and has Ijeen very highly 
appreciated in soieDtiflc circles. The throe ai'tieles of Mayer, 
which were also translated for the Philosophical Magazine, will 
Ijave interest not only because of the great ability with which the 
subjects are treated, bnt as emanating from a man who stands per- 
liaps preeminent among the explorers in this new tract of inquiry. 
The researches of Pai'aday in this field have been conspicuous and 
irapoi'tant, and his argument is marked by the depth and clearness 
wliioh obaracteriae, in an eminent degree, the writings of this es- 
traordiaary man. The essay of lAebig forms a chapter in the last 
edition of his invaluable 'Familiar Letters on Oheraistry,' which 
has not been republished here ; and, as it tenches the relation of the 
subject to orgimic processes, it forms a fit introduction to the final 
article of the aeries by Dr. -Oarpenter, on the "Correlation of fJie 
Phyaoal and Vital Poroes." The eminent EngUsh physiologist has 
woried out this branch of the subject independently, and the pa- 
per qnoted gives evidence of being prepared with his usual care 
and abiUty. A certain amount of repetition is of course unavoida- 
ble in such a collection, yet the reader will find much less of this 
than he might be indined to look for, as each writer, in elaborating 
the snbjeot, has stamped it with his own origioaJity. 

In the introduction I have attempted to bring forward certain 
facts in the history of these discoveries, in which we as Amen- 
cans have a special interest, and also to indicate several applications 
of the new principles which are not treated in the volume. It 
seemed best to confine the general discussion to those aspects of the 
subject upon which most thonghfc had been expended, and which 
may bo regarded as settied among advanced scientific men. But 
there are other applications of the doctrine, of the highest interest, 
which thongh incomplete are yet coi'tain, and these will be founfl 
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jriefly noticed in tie inti'oductoi'j observations — too l)rieflj, I fear, 
to be satisfactory. Those, howeTer, who desire to pursue still 
furiher this branch of tie inqniry — the correlation of the vital, 
mental, and social forces — are referred to the last edition of Car- 
penter's " Principles of Hnmau Physiology ; " Morell's " Outlines 
of Mental Philosophy ; " Laycook's " Oorrelationa of Oonsciousnesa 
and Organization ; " Sir J, K. ShnttJeworth's address before the 
Social Science Congress of 1860, on the " Oorrelation of the Moral 
and Physical Torees;" Hinton's "Life in Nature," and "Piret 
Prinoiples " of Herbert Spencer's new system of Philosophy, The 
first and last of these works are the only ones, it is believed, that 
have appeared in an American form, and the last is ninoh the 
ablest of aU; I was chiefly indebted to it in preparing the latter 
part of the introduction. The biographical notices, brief and im- 
perfect as thoy are, it is hoped may enhance the reader's interest 
in the volume. 

I have been specially incited to procnre the publication of a 
work of this kind, by the same motive that has impelled me to 
write upon the subject elsewhere ; a conviction of our educational 
needs in this direction. The treatment of a vast subject like this 
in oi'dinaiy school test-books, is at beat quite too limited for the 
reqnirements of the aotive-minded teacher ; to snch, a volume like 
the present may prove invaluable. 

But a more sei-ions difficulty is that, until compelled by the de- 
mands of intelligent teachers, the oompilei's of school-books will 
pass new views entirely by, or give them a mere hasty and careless 
notice, while continuing to inculcate the old en-oneous doctrines. 
And thus it is that from inveterate habit, or intellectual sluggish- 
ness, or a shrewd calculation of the indifference of teachers, out- 
worn and effete ideas continue to drag through school-books for 
half a century after they have been exploded in the worid of liv- 
ing science. He who continues to teaeh the hypothesis of eal&na, 
falsifies the present ti-uth of science as absolutely as he would do 
in teaching the hypotlieais of j^MopjstOTj," in fact, the reasons of- 
fered for persisting in the erroneous notions of the matetiahty of 
heat — convenience of teaching, unsettledness of the new vocabu- 
lary, &c., are preiasely those that were offered for elin^ng to phlo- 
giston, and reacting the Lavoiserian chemistry of combustion, 
15oth conceptions have no donbt been of service, but both woro 
ti'ausitional, and having done their work they become hindrance* 
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riii PEBFACB. 

instead of helps. Te can now see tliat when the truo cheinistrj 
of comhnstion wag once reached, the notion of phlogiston "was of 
no fiirther rse, ami if retMiied could only produce confusion and 
prevent the reception of oorreot ideas. So with caloric, and tlioae 
false conceptiona of the materiality of forces, which it implies : not 
only are they errors, bnt tho ideas they involve are radically in- 
compatible with the higher trutlis to which science has advanced 
BO that while the errors are retained the tmtha cannot be roceived, 

Nor wUl it answer merely to mention the new views while 
adopting the old, on the plea that the facts ai'e the same in hoth 
cases. The facts are very far from being the same in hoth cases. It 
is precisely beoanse the old ideas are oat of harmony with the facts, 
and can no longer correctly explfun and express them, that now ideas 
are sought. Was not phlogiston abandoned because it no longer 
agreed with the facts! 80 with, the conception of the materiality 
of the forces ; it contradicts the facts, and therefore, for scientific 
purposes, can no longer represent tlem. In the workshop it may 
perhaps be very well to magniiy facts, and depreciate their theoreti- 
cal esplanations, but not in the school-room ; the bnwness is here not 
working, but tiiinking. It is tho aim of art to use facts, but of s<a- 
ence to underatamd them. And it is simply because science goes 
beyond the fact to its eaplanation, and is ever striving after the 
highest truth, that it is fitted to discipline the thinking and reason- 
ing faculties, and therefore has imperative educational claims. 

In therefore bringing forward these able and authoritative es- 
pofdlions in a form readily accessible to teacliers, I trust I am not 
only doing them a helpful service, but that they will be led to re- 
quire of the preparers of school-boots a more conscientious per- 
formance of thmr tasks, and that the interests of sound education 
will be thereby promoted, 

BBwToiiK,Oii(.l,13M. 
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INTRODUCTION. 



There ara raany wlio deplore wliat tlioy regard aa the material- 
izing tondencics of modern science. They midntaiii that this pro- 
found and increasing engrossment of the mind with material ob- 
jects is fatal to all refining and Bpiritiializing influence. The cor- 
rectness of this oondnsion is open to serious question: indeed, the 
history of scientific thonght not only fails to justify it, hut proves 
the reverse to be trae. It ahowa that tho tendency of thia kind of 
inqniry is avetfrom. the material, tmsavd the abstract, the ideal, the 
spirltuaL 

■We may appeal to the oldest and most developed, of the scieaees 
for oonfirmatlon of this statement. The earliest osphinationa of 
the celestial movements were thoroughly and grossly materiil, and 
oU astronomic progress Las been toward more refined and ideil 
views. The heavenly hodies were at first thonght to he suppoited 
and caiTied round in their courses by solid revolviug orystallme 
spheres to which they wore attached. This notion was afterwird 
replaced hy the more complex and mobile mechanism of epii-y- 
oles. To this anooeeded the hypothesis of Dea Cartes', ■« ho rejected 
the clumsy mechanical explanation of revolving whctlwoik, and 
proposed the more subtile conception of ethereal cniTents, which 
constantly whuled around in vortices, and bore along tlie heavenly 
bodies. At length the laboi's of astronomers, terminating with 
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XU INTSODITCTIOH. 

Newton, struck awfiy theae crude devices, and substitLted tlio fLCtiun 
of a UDivei'sal immaterial force. Tlie course of asti'oiiomic aoioiico 
has tlius been on a vast seale to withdraw attention from the mat&* 
rial and sensible, and to lis it npon the invisible and snperaensuoas, 
It has shown that a pure principle forms the immaterial foundation 
of tho uniycrse. From the baldest matei'iahty we rise at last to a 
truth of the spiritaal world, of so exalted an order that it iaa been 
said ' to connect tho mind of man with the Spirit of God,' 

The tendency thus illustr ited by astr nomy is oharaoteii^tio m 
a m-uk 1 dtgreo of all modem bci noe Soientifio m.c[uinos are 
becoming lets and less quesbona ot mittei 'mH more and mora 
jiestions of fori^e mitanil ileis are givmg phce to dyn iiicd 
ideas. "While tl e gieat agencies o± dii ge iv th ^shich t la the 
bnsmt,ss of soienoe to di„al — beat, light, elCL.tiioity, magnetism, and 
affinity. Lave been formerly regarded as kinds of matter 'impon- 
derable elements,' in distinction from other matei'ial elements, 
tlicse notions must now be regarded as outgrown and abandonee!, 
and in their place wo have an order of purely immaterial forces. 

Toward the close of tho last century the human mind reached 
the great prineipie of the indestractiblity of matter. Wiat tlio 
intellectual activity of ages hail flnled to establish by all the re- 
sources of reasoning and philosophy, was accomplished by the in- 
vention of a mechanical implement, fiie balance of Lavoiwor. 
When nature was tested in the chemist's scide-pan, it "iras first 
found that never an atom is created or dcsti'Oyed; that thongh 
matter changes form with protean facility, traversing a thousand 
cyclra of change, vanishing and reappeai'iug incessantly, yet it 
never wears out or lapses into nothing. 

The present age will bo memorable in the history of sMenoe for 
Laving demonsfi'ated that the same great principle applies also to 
forces, and for the ^tablisLment of a new philosophy concerning 
their nature and relations. Heat, light, electridty, and magnetism 
are now no longer tegMded as substantive and independent exist- 
ences — snbtile fluids with peeidiar properties, bnt simply as mode* 
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THB NEW DOOTEINE OF FOItOEb. XIU 

of motion m ordinary matter ; forms of energy wMcli are cajiablo 
of mutual oonTersion. Heat is a modo of energy manifested by 
certain effects. It may lie transformed into electricity, wMoh is 
anotlier form of force producing different effects. Or the proceea 
may be reyei'sed; the electricity disappearing and the heat reap- 
pearing. Again, mechanical motion, which b a, motion of masses, 
may he transfonnod into heat or electricity, which is held to be a 
motion of the atoms of matter, wliile, by a reyerse process, tte mo- 
tion of atoms, that is, heat or eleotiioity, may be tnrned hack again 
into meolianioal motion. Thas a portion, of the heat generated in 
a locomotive is converted into the motion of the train, wijle hy 
the application of the brakes the motion of the train is changed 
hack again into the heat of fHction. 

Those mutations are rigidly subject to the laws of quantity. A 
given amount of one force produces a definite gnontity of anotlier . 
so that power or energy, like matter, can neither be created nor 
destroyed ; though ever chan^ng form, its total quantity in the uni- 
verse remains constant and Tmaltorahle. Every manifestation of 
force must have come from 3 preesisting eqmvaleut force, and must 
give rise to a subsequent and equal amount of some other force. 
When, therefore, a foroe or effect appears, we are not at liberty to 
assume that it was self-originated, or came from nothing; when it 
disappears we are forbidden to conclude that it is annihilated : we 
must search and find whence it came and whither it has gone ; that 
iB, what produced it and what effect it has itself produced. These 
relations among the modes of energy are curi'entiy known hy the 
phrases Cort laMon and (jonservatitm of Force. 

The present condition of the philosophy of forces is perfectly 
paralleled hy that of the philosophy of matter towai'd the close of 
the last century So long as it was admitted that mattei' in Ha 
various chTOges mayle created or destroyed, chemical progre^ 
was mil ossil le If m his processes, a portion of the material dis- 
appeared the chemist had a ready explanation— the matter was 
his analvsia was therefore worthless, Bnt when he 
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XI 7 INTBODTJOTION. 

Btarted with, tie axiom that matter is indesti'uctible, all disappear 
ance of material during his operations was chargeable to their ira- 
perfection. He was therefore compelled to improYO thorn— to ac- 
connt in Ms result for every thousandth of a grain with wMch he 
oornmencod ; and as a consequence of this inexorable condition, 
analytical chemistry advanced to a high perfection, and iba conse- 
quences to the world are incalculable. Precisely so with the anal- 
ysis of forces. So long as they are considered capable of being 
created and destroyed, the quest for them will be careless and the 
results valueless. But the moment they are determined to be in- 
destniotible, the inveatigator becomes honnd to aecoTuit for them ; 
all problems of power ai'e at once affecte<T, and the science of dy- 
namics enters upon a new era. 

The views hero briefly stated will ho fonnd fully and variously 
elucidated in tlie essays of the present volume ; in thcso introduc- 
tory remarks I propose to offer some observations on their history 
and the extended soope of their appUcation. 

I have spoken of the principles of CoiTBlation and Conservation 
of Forces as established ; it may be weil to state the sense in which 
this is to he taken. They have been accepted by the leading scien- 
tific minds of all nations with remarkable unanimity; their discus- 
sion forms a loading element in scientific literature, while they oc- 
cupy the thoughts and guide the invesldgationa of the most philo- 
sophical inquii'crs. But wHle science holds securely her new pos- 
season aa a fundamental prindple, its various phases are by no 
means completdy worked out. Not only has there been too little 
time for tliis, even if tho views were far less important, hut the 
questions started lie at the foundation of all branches of sdencc, 
and can only he folly elucidated as these advance in their develop- 
ment. The new doctilno of forces is now in much the same con- 
dition as was the new astronomy of Oopcraicns. It is not with- 
out its difSonltiea, which time alone must be trusted to remove ; 
out it simplifies so many problems, clears vp so many ohsenritiMi 
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THE HI8T0ET OF 8CIENTIFI0 EISCOTERT. XV 

Opens so extended a range ,of new iiweslJgatioHS, and contrasts bo 
Ktroiigly witb tho complBxities and incongruities of the older doo 
trinos, as to leave little liberty of choice bctwesE the opposing theo' 
ries. Not only does the reccpldon of tlieso views mark a signal epoch in 
the progress of science, but from then- comprehensive healings and 
the luminous glimpses which tliey open into the most elevated re- 
^ons of speculative inquiry, they have a profound interest for 
many thinkers who give little attention to the speeiflhiea of exact 

In tho history of human affairs thei-e is a gi-owing conception 
of tho action of general causes in the production of events, and a 
corresponding conviotion that the part played by individuals has 
been much exa^erated, and is far less eontroUtug and permanent 
than haa been hitherto supposed. So also in the history of science 
it is now acknowledged that the progress of discovery is much 
more independent of the labors of particular persons than has been 
foi-raerly admitted. Great discoveries belong not so much to indi- 
viduals as to humanity ; they are less inspirations of genius than 
births of eras. As there has been a definite intellectual progress, 
tlionght has nece^arily been limited to the subjects successively 
reached. Many minds have been thus occupied at the same time 
with Mmilai" ideas, and hence tlie siraultaneOTia discoveries of inde- 
pendent inquirers, of which tho history of science is so full. Thus 
at tha dose of the sixteenth century, philosophers had entered 
upon the investigation of the lawa of motion, and aooordinglj we 
find Galileo, Benefliti, and Pieoolomiiii proving independently tliat 
all bodies fall to the earth with equal velocity, whatever their aiaa 
or weight. A century after, when soienoe had advanced to the 
systematic application of the higher mathematics to general phys- 
ics, ITewton and Leibnitz discovered independently the differentia] 
calculus, A hundi'ed years later questions of molecular physics 
and chemistry were reached, and osygen. was discovered simulta- 
neously by Priestley and Scheele, and the composition of water hj 
Cavendish and "Watt, These discoveries were made because tie 
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periods were ripe for them, and we cannot dontt tliat if those who 
made them Lad never lived, the lahors of others would have speed 
Uy attained the same results. The discoverer is, therefore, in a 
great degree, bnt the mouthpiece of liis time. Some discern clearly 
what ia dimly shadowed forth to mimy; some work out the rcsulta 
more completely than others, and some seize the ooming thought 
so long hefore it is developed in the general oonaoiousness, that 
thoir announcements are unappreciated and unheeded. This view 
by no means robs th^ discoverer of his honors, hut it enables ns to 
place upon them a Juster estimate, and to pass a more enlightened 
- judgment upon the rival daima wMoh are constantly raising in tlie 
hiatory of aoienco. 

Probably the most important event in the general progress of 
science was tlie transition from the Bpecnlative to the expeiimenta] 
period. The ancienta were prevented from creating science by a 
false intellectual procedure. They believed they could solve all the 
problems of the universe by thought alone. The moderns have 
found that for this purpose meditation is futile unless Moompanied 
by observation and experiment. Modern science, therefore, took its 
rise in a change of method, and the adoption of the principle that 
the discovery of physical truth oonaiata not in its mere logical hut 
in its experimental establishment. It is now an axiom that not he 
who guesses, though he guess aright, is to be adjudged the true dis- 
coverer, but he who demonstrates the new ti'uth, and thus compels 
its acceptance into the body of valid knowledge. 

Now tlie later doctrines of the constancy and relations of forces, 
and that heat is a kind of motion among the minuter parta of mat- 
ter, have had theb twofold phases of histoi'y, corresponding to the 
two method^ of inquury. They had an early and vague recognition 
araong many philosophers, and may be traced in the writings of 
ftahleo, Bacon, Kewton, Locke, Leibnitz, Des Cartes, Bornonlli, 
Laplace, and others ; hut they were held hy these tiiinkera as un- 
verified and fruitless speculations, and the subject awaited the gen- 
ius that could deal with it according to the more effective methods 
of modem aoionco. 
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SKETCH OP THE CAREEE OF COTJHT 

It was this oountrj, widely reproached for being o¥er-practioal, 
iFhich produced jnst that kind of working ahilitj that was snited 
to translate tMa profound qnestion fi-om the harren to tie fruitfol 
field of inquiry. It is a matter of just national pride that the two 
men who first demonstrated the capital propositions of pure sci 
euce, that lightning is hnt a case of common elcctiidty, and that 
heat ia but a mode of motion — who first conyorted these proposi- 
tions from conjectures of fancy to facts of science, were not only 
Americana by hirth and education, hut men eminently representa- 
tive of the pccnliaritiea of American eharaoter — Bergamin IFrank- 
lin and Benjamin Thompson, afterwards known as Connt Eumford. 
The latter philosopher is less known than the former, though his 
eerrfces to science and society were probably quite as great. The 
prominence which big name now oconpios in eonneofion with the 
new views of heat, and the relations of forces, mjkc it dciirable to 
glance briefly at his career. 

Besjamin Thompson was born at "Wobum, Mass., in 1753. Ho 
received tbo rudiments of a common school education; became a 
merchant's apprentice at twelve, and subsequently taught school. 
Having a strong taste for mechanical and chemical studies, he enl- 
tivated them aasiduonsly during his Idsure time. At seventeen he 
took charge of an academy la the village of Eumford (now Con- 
cord), N, E., and in 1773 married a wealthy widow, by whom he 
had one daughter. At the outbreak of revolutionary hostilities he 
applied for a commission in the American sei-vioe, was charged 
with toryism, left the country in disgust, and went to England, 
His talents were tliere appreciated, and he took a respondble posi- 
tion under the government, which he held for some yeai-s. 

After receiving the honor of knighthood he left England and 
entered the service of the elector of Bavaria. He settled in Mu- 
nich in 1784, and was appointed aide-de-camp and chamberlain to 
the Prince. The labors which he now undertook were of the moat 
extensive end laborions ohwactcr, and could never have been ao- 
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oomplislieil but for the rigorous habits of order whicli Lo carried 
into all his pursnitg. He I'eorganiaed the entire milltaiy ostabllsh- 
ment of BaYaria, introduced EOt only a siiuplei- code of tactics, and 
a new system of order, discipline, and economy among the troops 
and industrial schools for the soldiers' children, hut greatly im- 
proved the coEatruetion and modes of manufacture of arms and 
ordntmoe. Ee suppressed the system of hoggary wMoli had grown 
into a recognized pi-ofesMon in Bavaria, and hecomo an enormous 
pnhlio evil— one of the most remai-kahle social reforms on record. 
He also devoted himself to various ameliorations, such as improv- 
ing the coastraotion and arrangement of the dweUings of the work- 
ing classes, providing for them a hetter education, organizing houses 
of industry, introducing aupeilor hreeds of horses and cattle, and 
promoting landscape-gardening, which he did by converting an old 
abandoned hunting-ground near Munich into a park, where, after 
his departure, tJie iohaMtante erected a monument to his honor. 
For these aervioea Sm Benjamin Thompson received many distinc- 
tions, and among others was made Count of the holy Eoman Empire. 
On receiving this dignity he diose a title in remembrance of the 
conntry of Ms nativity, and was thenceforth known as Oonnt of 
Enmford. 

His health failing from escesave labor and what he considered 
the unfavorable climate, he came back to England in lYSS, and had 
serions thoughts of returning to the United States. Having re- 
ceived from tbe American government the complunent of a formal 
invitation to revidt his native land, he wrote to an old friend re- 
qtiealing him to look out for a "little quiet retreat" for himself 
and daughter in the vicinity of Boston. This intention, however 
foiled, as he shoi-tly after became involved in the enterprise of 
founding the EoyaJ Institution of England. 

There was in Enmford's character a happy combination of phi- 
lanthropic impulses, eseontive power in carrying out groat projects, 
and versatility of talent in physical reseai'ch. His seientiiio inves- 
tigations were lai-gelj guided and doteiToined by his philautlu-opic 
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plana and public duties. His interest in the more needy classes led 
him to tlie assiduous study of the pliyBieal wants of mankind, and 
the best methods of relieYing them ; the lawa and domestic mau- 
agemeut of heat aocordingly engaged a large shai'e of his attention, 
no determined the amount of heat arising from the oomhustion. of 
different kinds of fuel, by means of a calorimeter of Ms own in- 
dention. He reconstmcted the fireplace, and so improTod the 
methods of healing apartments and cooking food as to produce a 
flaving in the precious element, varying from one-half to seven- 
eighths of the fuel previously consumed. He improved the con- 
stmction of stoves, cooking ranges, coal grates, and chimneys; 
showed that the non-eoaducting power of cloth is due to the air 
enclosed among its fibres, mid first pointed out that mode of action 
of heat called eormeetion; indeed be was tJie fii-st clearly to dis- 
erimiuate between the three modes of propagation of heat — radia- 
tion, conduction, and convection. He determined the almost per- 
foot non-oonducting properties of liquids, investigated the produc- 
tion of light, and invented a mode of measuring it. He was the 
first to apply steam generally to the warming of fluids and the 
culinary art ; he esperimented upon the use of gunpowder, the 
sti'ength of materials, and the maximum denaty of water, and 
made many valuable and original observations npon an estensive 
range of sabjeots. 

Prof. James D. Forbes, in his able Dissertation on the recent 
Progress of the Mathematical and Physical Sciences, in the last 
edition of the Encyclopedia Britonnica, gives a full account of Eum- 
ford's contributions to science, and remarks ; 

" All Eumford's experiments were made with admirable preias- 
ion, and recorded with elaborate fidelity, and in the plainest lan- 
guage. Every thing with him was reduced to weight and meas- 
ure, and no pains were spai-ed to attain the host results. 

" Enmford'a name will be ever connected with the progress of 
science in England by two circumstances t first, by the foundation 
of a perpetual medal and prize in the gift of the council of tha 
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Royal Sooiefj of London, for the reward of discoveries connected 
with Iieat and light; and secondly, hj the estahlishment in 1800 of 
the Eoyal Institulion in London, destined, primarily, for the pro 
motion of oripnfd disooTery, and, secondarily, for the diffusion of a 
taate for science among the educated classes. The plan was con- 
ceived with the sagacity which characterized Enmford, and its auo- 
oesa liaa been gi'eater than conld have heen antidpated. Dfivy was 
there hronght into notice by Eiimfoi-d himself, and furnished witli 
the means of prosecuting his admirable esperiments. He and JTr. 
Fiffaday have ^ven to that instJtalion its jast celebrity with little 
IntenniB^on for half a century." 

Leaving England, Eumford took up his residence in France, and 
the estimation in which he was held may he judged of by the fact 
that he was elected one of the eight foreign associates of the Acad- 
emy of Sciences. 

Conut Bumford bequeathed to Harvard University the funds 
for endowing its professorship of the Application of Scienw to the 
Art of Living, and instituted a prize to he awai-ded by the Ameri- 
can Academy of Sciences, for the most important discoveries and 
improvements relating to heat and light. In 1804 he married the 
widow of the celebrated chemist Lavoisier, and with her retired 
to tlie villa of Auteuil, the reddence of her former hustand, where 
he died in 1814. 

Having thus glanced briefly at his career, I now pass to thij dis- 
covery upon which OountEnm ford's fame in the future will chiefly 
rest. It is described in a paper published in the transactions of the 
Eoyal.Society for 1T08, 

He was led to it while superintending the operations of the 
Munich arsenal, by obsei-ving the laJ-ge amount of heat generated 
in boring brass cannon. Reflecting upon this, he proposed to him- 
Bo!f the following questions : " Whence comes the heat produced 
iti the mechauioat operations above mentioned!" "Is it furnishc] 
Iiy thometall'c chips wliioh are sepai'ated fi'om the metaH" 
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Tile common hypothesis aflirmed that the heat produced bad 
been latent in the metal, and had been forced out by eonAenaalion 
of the chips. But if this were the case the capacity for heat of the 
parts of metal so reduced to chips ought not only to he changed, 
but the change undergone by them ahonld be sufficiently great to 
account for all the heat produced. "With a fine saw Eumford thou 
cut away slices of the unheated metal, and found that they had es- 
(Ktly ihe swrie ca^aeity for heat aa tlie metalHe eMps. Ko change 
la this respect had occurred, and it was thns conclusively proved 
that the teat generated oould not have been held latent in tlio 
chips. Having settled this preliminary point, Eumford proceeds to 
his prinoipftl experiments. 

"With the intuition of the ti-ae investigator, ha remarks that 
" very intsrestiiig philosophical esperimenta may often be made, 
almost without trouble or espense, by means of machinery con- 
trived for mere mechanical purposes of the arts and manufiictm'es." 
Accordingly, he mounted a metallic ojlinder vrwglung 118.18 
pouifSa avoii-dnpois, iu a horizontal position. At one end there was 
a cavity three and a half inches in diameter, and into this was in- 
troduced a borer, a flat piece of hardened steel, fonr inches long, 
0,G3 inches thick, and nearly as wide as the cavity, the wea of con- 
tact of the bdrer with flic cyliader bemg two and a half inches. 
To measure the heat developed, a small round hole was bored in 
the cylinder near the bottom of the cavity, for the insertion of a 
small mercurial thermometer. The borer was pressed against the 
base of the cavity with a force of 10,000 pounds, and the cylinder 
made to revolve by horse-power at the rate of tiiu-ty-two times per 
minute. At the beginning of the experiment the temperature of 
the air iu the shade and also in the cylinder was 60''F. at tiie end 
of thirty minutes, anS after the cylinder had made 960 revolutiona 
the temperature was found to be 180°F. 

Having taken away the borer, he found that 839 grdns of me- 
tallic dust had been cut away. "Isitposaible," he exclaims, "that 
(he very nouMderahle quantity of heat produced in this experiment 
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—a quaiitity vhiah actually raised the temperature of apward vi 
113 poTmds of gun metal ftt least 70°, could have teeu furiiiebed by 
EO ineoiia.deral)le a qniiatity of metallic dnat, and tliis merely in 
oonseqitence of a olange in the capacity for heat? " 

To measure more precisely the heat produced, he nest sur- 
rounded his cylinder hy m oblong wooden bos. in such a manner 
that it could turn water-tight in tlie centre of the bos, wlule th& 
borer was pressed against tho bottom. The hox was filled with 
water until the entire cylinder waa covered, and the apparatus was 
Eet in action. The temperature of the water on commencing waa 
60°. Ho remarlts, "The reanlt of this beautiful experiment waa 
very striking, and tlie pleasure it afforded amply repaid me for all 
the trouble I had taken in contriving and arran^g the complicated 
machinery used m making it. The cylinder iad been in molion 
but a short time when I peroeived, by putting my hand into the 
water and touching the outside of the oyhnder, that heat was gen- 
erated." 

Ab the work continued the temperature gi'adually rose; at two 
hours and twenty minutes from the be^nning of the operation, the 
water was at 200°, and in ten minutes more it actually boiled I 
Upon this result Burafoi-d obseiTes, "It would be difficult to de- 
scribe Qie Bnrprise and astonishment expressed in the countenances 
of the bystanders, on seeing so large a quantity of water heated 
and actually made to boil witliont any fire. Though there waa 
nothing that could be considered very surprising in this matter, 
yet I acknowledge fairly that it afforded me a degree of ohildisb 
pleasure which, were I ambitious of the reputation of a grave phi- 
losopher, I ought most certainly rather to hide than to discover." 

Eumford estimated the total heat generated aa sufficient to i^aise 
26.58 pounds of ice-cold water 180°, or to its boiling point ; and he 
adds, " from the results of these computations, it appears that the 
quantity of heat produced equally or in a continuous stream, if I 
may nse the espres^on, by the friction of the blunt steel borer 
BgMust the bottom of the hollow metaUio cylinder, was gj-eater 
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{ban. that produced in the oomLuBtion of nine was oaaSles, eaoh 
tliiee-qnarters of an inch in diameter, all bniiiing together with 
oleiir bright flames." 

"Oae horse would hare been e([ual to tlie work performod, 
though two were actually employed. Heat may thus he produced 
merely by the strength of a horse, and in. a case of necesaty this 
might be Ti«ed in cooking victnals. But no circumstances could be 
imagmed m wMoh this method of producing heat could he advan- 
tageous, tor more heat might he obtmned by uiing the fodder ne- 
cessary for the support of the ho ^3e as fueL 

"By meditating on the reisults of dl these espe raenti, we are 
naturally brought to that great q est on which his so often been 
the subject of Bpeonlatton among phloaopleia namely What is 
heatt Is there such a thing as an ^neous fl 1? Is there any 
thmg that with propriety can be ciUed calono 

"We have seen, that a very o n?nle 1 le quantity f 1 osit may 
bo excited by the friction of two met ilho an face and ^ Ten off ia 
a oonatant stream or flux in all d rect cms w thout inter ption or 
inteimission, and withont any s gns of d uttcn or exhaustion. 
In reasoning on this subject we must not forget that most rmnarh 
able circumstance, that the source of the heat generated byftidjon 
in these experiments appeared evidently to be inexMusUMe. (The 
italics are Emnford's.) It ia hardly necessary to add, that any 
thing which any insulated body or system of bodies can continue 
to furnish witliowt limitation, cannot possibly ha a material s«5- 
Btance ; and it appears to me to he extremely difBcult, if not quite 
impossible, to form any disfanot idea of any tiling capable of being 
esoited and communicated in those exporimenta, except it be mo- 

TION." 

ITo one can read the remarkably able and lucid paper from 
which these extracts are taken, withont being struck with the per- 
fect disWnctness with which the problem to he solved was pre- 
sented, and the systematic and conolusive method of its treatnient, 
Eumford kept strictly within the Ihnits of legitimate inquuy, which 
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no man Oflu define better than lie did, "I am very far from jtfe- 
tonding to know how, or by what means or mecbauieal contri- 
vanoes, tbat particular tind of motion ia bodiea, which has been 
Buppoaed to constitute heat, is excited, contiuned, and propagated, 
and I shall not presnrao to trouble the Society with new eoqeo- 
tnres. But although the mechaniani of heat should in part be one 
one of tliose mysteries of nature, which are beyond the reach cf 
humiia intelligence, tliis ought hy no means to discourage us, or 
even lessen our ai-dor in om: atteinpte to invosligate the laws of ita 
operaiJons. How far ca,ii we adYanee in any of the paths which 
science has opened to us, before wo find oursolvos enveloped ia 
those tMck mists, which on every aide bonnd the toi-izon of the 
human inteHeot." 

Eumford's oxperiments completely annihilated the materitd hy- 
potheais of heat, while the modem doctrine was stated in explicit 
terms. He moreover advanced the qnestion to its qnantitatiTe and 
liighost stage, proposing to find the numerical relation between 
meohanieal power and heat, and obtained a result remai'iably near 
to that finally established. The English unit of force is the foot- 
pound, tliat ia, one pound falling through one foot of space ; the 
unit of heat is one pound of water heated 1° F. Just fifty yeara 
Bubsequently to the experiment of Eumford, Dr. J. P. Joule,* of 
Manchester, England, after a most delicate and elaborate series of 
experiments, determined that 772 units of force produce one unit 
of heat; that is, 773 pounds falling through one foot produces suf- 
ficient heat to raise one pound of water 1° F, TMa law is known 
as the meohaniod equivalent of heat. Wow, when we throw Eum- 
ford's results into these terms, we find that about 9i0 units of force 
produced a unit of heat, and that, therefore, on a large scale, and 
at the very first trial, he came within twenty per cent, of the ti'uo 

>> James Peesooit Jodle, bom Doocjnlier MtH, 131S, at Sfllford, near Manoliester, 
Enjlwia, whoro lio pnraned tha ocoupatfon of abrowei. Lutg ana aeaply devoieS 
toBclenUac InTeetlg^lini, he became a member of the MancbcBter niilosopMciil So- 
ciety in I8i3, and of the Eoyal aodoty ot Lonilou in ISQd. 
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itatement. TTo acoonnt was taken of the teat lost by radiation, 
which, considering the high temperature produced, and the dura- 
tion of the osperinient, must taTO been con^derahle; so that as 
Enm&rfi himaelf noticed, this value must he too Mgli!. The ear 
lifist mimerical results in acience are rai'dy more than rough ap- 
prorimationa, yet thej may guide to the estahlishment of great 
prindples. Certainly no one conld question, Dalton's claim to tho 
discovery of the law of definite proportioiis, because of the inao- 
cui'floy of the numbers upon which to first rested it. 

We are oaUed further to note that Eumfoi-d'a ideas upon the 
general subject of forces wore far in advance of his age. He saw 
the relation of all ftlcUon to heat, and suggested that of fluids, by 
ebuiTmig processes, as a means of producing it — ^predsely tlie 
method finally employed by Joule in establishing the mechanical 
eqmvalent of heat. lie fiirthciTnore regarded animals dynami- 
eally, considering their force as the derivative of their food, and 
therefore as not created. That Eumford held these views in tlie 
compi-ehcnsivo and matured sense in which they are now enter- 
tained is, of oonrae, not asserted. Tho advance from his day to 
OUTS has been prodif^ous. Whole sciences have been created, 
which aiFord the most beautiful exempUfications of the new doc- 
trines. Those doctrines have received their subsequent develop- 
ment in various directions by many minds, hut we may be allowed 
to quealioD. if the contributions of any of their promoters will sur- 
pass, if indeed they wiU. equal, tho value and importance which wa 
must assign to the first gi'cat experimeatal step in the new direc- 

The claims of Rumford may bo summarized as follows ; 

L Ee was the man who first took the question of the nature 
of heat out of the domain of metaphysics, where it bad 
been speculated upon since the time of Ai'istotle, and 
placed it upon the true basis of physical csperimeut, 

n. Ee first proved the iusufficicQCy of the current es]"ilaTiationa 
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of th-o sources of ieat, and demonstriitea the falsity of tlia 
prevailing view of its materiality. 

IIL He Urst esdraatod t!ie quantitative relation between tlie ioat 
produced by friction and that by combustion. 

IV. He first showed the q^uautity of heat produced by a doflnit« 
amount of mechanical work, and arrived at a result re- 
markably near the finaBy eatablished law. 

V. He pointed out other methods to be employed in determining 
the amount of heat prodnced by the es:peniliture of mc- 
chanioal power, instancing particularly the a^tation of 
water, or other hquids, as in churning. 

VI. He regarded the power of aniraala as due to their food, there 
fore as having a definite source and not created, and thus 
applied his views of force to the orgtmic world. 

VII. Eumford was the first to demonstrate the quantitative con- 
verUbiKty of force in an important case, and the first to 
reach, esperimentally, the fandamental conclusion that heat 
is but a mode of motion. 

In Lis late worlc upon heat. Prof. Tyndall, after quoting co- 
piously from Eumford's paper, rcmai'ts: "When the history of the 
dynamical theory of heat is written, the man who in opposition to 
the scientiflo belief of his time could experiment, and reason upon 
espeiimcnt, as did Eumford in the investigation here referred to, 
cannot be hghtiy passed over." Had other English writers been 
equally just, there would have been less necessity for the foregoing 
exposition of Eumford's labors and claims; but there has been a 
manifest disposition in various quarters to obacure and depreciate 
them. Dr. Whewell, in his history of the Inductive Sciences, 
treats the subject of thermotics without mentioning him. An em- 
taent Edinburgh professor, writing recently in the Philosophical 
Magazine, under the confessed influence of 'patriotism,' under- 
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(akes to make the djnamical tlieory of heat an English moaopolj, 
due to Sir Isaac Newton, Sir Humphry Davy, and Dr. J, P 
Joule ; while an ahle writer in a late number of the 3?orth Britisli 
Review, in sketching the historic progress of the new views, pats 
Davy forward as their fonnder, and assigns to Eumfovd a minor 
and subsequent place. 

Sir Humphry Davy, it is well known, eai-ly r^eoted the calorie 
hypothesis. In I'TflO, at the age of twenty-one, he published a 
tract at Bristol, describing some ingenious experiments upon the 
subject. It was the publication of this pamphlet which brought 
him to Eumford's notice, and rcstdted ia his subsequent connection 
with the Eoyal Institutioni. But Davy's ideas upon the question 
were far from clear, and will bear no comparison with those of 
Eumford, published the year before. Indeed his eulopst remarks : 
"It is cert^n that even Davy Iiimsclf was led asti-ay ia his argu- 
ment by using the hypothesis of change of capacity as the haws 
of his reasoning, and that he might have been met successfully by 
any able ealorist, who, though maintaining the materiality of heat, 
might have been wihing to throw overboard one or two of the less 
essential tenets of his school of philoaophy." It was not till 1812 
that Davy wrote in his Chemical Philosophy, " The immediate 
cause of the phenomena of heat then is motion, and the laws of its 
communication are precisely the same as those of the communica- 
tion of motion." "When, therefore, we remember that Davy's first 
publication was subsequent to that of Eumford's, that he confined 
himself to the narrowest point of the subject, the simple question 
of the existence of caloric ; and that he nowhere gives evidence 
of having the slightest notion of the quantitative relation between 
mechanical force and heat, the futility of tho claim which would 
mate him the experimental founder of tlie dynamical theory, ia 
abundantiy apparent. 

The inquiries opened by Eumford and Davy were not formally 
pursued by the succeeding generation. Even the powerful adhe- 
Bion of Dr. Thomas Toung — perhaps the greatest miud in soienne 
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sinoe Ifewton — failed to give currency to the new views. But tlie 
salient and impregnable domonatration of Bnmford, and the ingen- 
ious esperimenta of Davy, fiicts wiieh could Haitlier be evaded nor 
harmonized with the previdiing errors, were not without influence. 
That there was a general, though unconscious tendency toward a 
new philosophy of forces, in tte early inquiries of the present con. 
tury, is shown hy the fact that varioua scientific men of different 
nations, and with, no knowledge of each other's lahors, gave ex- 
pression to the same views at about the same time. Grove and 
Joule of England, Mayer of Germany, and Colding of Denmark, 
announced the general doctrine of tho mutual relations of the forces, 
with more or less explication, about 18i3, and Soguin of Eranoe, 
it ia claimed, alittle earlier. From this time the subject was closely 
pursued, and the names of Helmholt?, Holtzman, Clansins,* Faraday, 
Thompson, Eanldne,f Tyndall, Carpenter, and others are intimately 
associated with its advancement. In this country Professors Henry X 
and Leoontefhave oontribnted to illustrate tho organic phase of the 
doctrine. 

I cannot here attempt an estimate of the respective shares 
which these men have had in constructing the new theories ; the 
reader ■wUl gather various intimations upon this point from the 
sncoeeding essays. The foreign periodicals, both scientific and lit- 
erary, show that tlie question is being thoronghly afted, and mate- 
rials accumulating for the future history of tho subject. The para- 
mount claims are, however, those of Joule, Mayer, and Grove, 

• CLiUsnjB, Ettdolpb: Jdutib laHAsuitl, was Som at CBslin, Pummaii, JsniTary 
as, leaa ne becama Profcsaor of Philoaopliy and PhjslQS in the Polyteclinlo Scliool 
at Zmieh In 1655, nni then ProCesaor of tlie Zurlcli Unlveraltj' fl.e5'(> Ho was after- 
Berfs tawber of PhyBios and ArUncry in the SChuol of Berlin, and than prtvata 
teacher of the Unlyoralty of that phioe. 

f EAjjEDm, WiLUAH Jons Mj.e<jnoiai was bom ei BdiolJnrgli, July 5, 182(1 B< 
Lb a civil ongineer in Glasgow, a member of ttie Philosopilcal Socfety at Uiat plata, 
vid of tJie Eoyal fiociely of London. 

t Boo the nrticle " Meteoitilogy," in the Agrionltuial Eeport of the Patent Off ee, foi 

im. 

§ Boo the American Journal of Boionoc for Nov. ISW. 
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According to the strict rale of science, tliat in all those casea 
(vliere esperimenta! proof is posabie, he who first supplies it ia the 
ti-uo discoverer, Dr. Jonla mnst be assigned' the foremost place 
among the modem iaveatigators of the subject. He dealt with the 
whole question upon the basis of experiment. He labored with 
great perseverance and skill to (letei-mlne the mechanical equivalent 
of heat — the coraer-stoEO of the edifice ; and in aficomplishbg this 
I esult in 1850, he may be said to liave matured the work of Eumford, 
and finally establislied upon an experimental baas the great law of 
thermo-dynamics, to remain a demonstration of science forever. 

Professor Grove has also worked out the subject in his own in- 
dependent way. Combining ori^al experimental in-resfigationa 
of great aeutenesa, with the philosophic employment of the gen- 
ei-al results of science, he was the first to give complete and system- 
allo espresaon to the new views. Hia able wort, which opens 
the present aeries, is an anthoritafive exposition, and an acknowl- 
edged classic upon tlie Bubjeot. 

Again, the claima of Dr. Mayer to an eminent and enviable 
place among the pioneers of this great scientific movement, are un- 
questionable. There has evidently been, on the part of some Eng- 
lish writers, an unworthy inclination to depredate his merits, 
which has given rise to a sharp and searching controYcrsy, The 
intellectual rights of the German philosopher have, however, been 
decisively vindicated by the ohivalric pen of Prof. Tyndall ; and it 
is to the public interest thus excited, that we are indebted for the 
translation of Mayer's papers, which appear in this volume. Mayer 
did not experiment to the extent of Joule and Grove, yet he well 
knew its importance, and made such investigations as his apparatus 
and the duties of a laborious profession would allow. Yet his 
views were not therefore mere ingenious and probable conjectures. 
Master of the results of modem science, and of the mathematical 
methods of dealing with them, possessing a broad philosophic 
grasp, and an extraordinary mental pertinacity, Dr. Mayer entered 
early upon the inquiry, and not only has he developed many of its 
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prime applications in adranoe of any other tldnlsor, but Ke lias 
doao bis work nnder circumatancea and in a manner wMcli fiwa- 
kens the highest admiration for his genias,* 

An eminent authority haa remarked ' that tl cso discoTeries open 
a re^on which promises possessions richer than any hitherto 
granted to the intellect of man,' Involving as they do a revolution 
of fundamental ideas, their conseqTieEeea must he as comprehen- 
eive as the range of human thonght. A principle haa been devel- 
oped of all-pervading application, which hrmgs the diTerse and 
distant branches of knowledge into more intimate and harmonious 
alliance, and affords a profonnder insight into the universal order. 
Wot only is science ifc9elf deeply affected by the presentation of its 
quastiona, in new and suggestive hghts, but its method is at once 
made nniversal. There is a crude notion in many minda, that it ig 
the business of science to occupy itself merely with tho study of 
matter. "When, hitherto, it has pressed its inquiries into the higher 

• Prot. TyndnH remaffca ; "Mnyer probsbly had not tie mccras of mstlng ospcrl- 
monla tljnseli; but lie nmsaekoS Hio reourfa of esperimental Bticnce for liia ilato, ana 
liua conferred upon tlB wriUngs n sirength wliiolt mere epsculatlon caa navef poaseBS. 
Erom the ostiMts wludi I inTO giveo, the resder may infer bis Btaong doslra Bit qiian- 
UtatlTO ooonfloj. the clearness of his Inalglit, and. the flrranosB of Mb gtaap. Eegju^. 
fng tlio tecognlUon -wMeh will be nMmately aooorded to Dr. Mayer, s ahaite of trouble 
or doubt ImB novor crossea my nrind. IndiTidnals mnj seek to pall Mm doim, bnt 
tlidr efforts will ba nnayailiog as long aa auoL eyldjjaco of Ma genius esiats, and US 
long aa tho genocnl mind of tuniniiitj is inflncnaad by conaklcntlions of justice and 

" Tho panclly of ISots in Mayer's tlma tas been urged aa if it were a reproach t» 
bim; bnt It onght to he remojnbercd that Cia quantity of Ihct neecasiry to a genoraliBi- 
tlon is dliferont for different mMds. ' A word to the wise is snfarfont for Ihem,' and 
a single fiiot in some minds bears frnit that a hundred cannot prodace in othcre. 
Mayer's data were comparatirely scanty, but Ma genius went M' to supply tho lack of 
eiperiment^ by enabling him fo see clearly the bearing of auob fiiota as ha posaessed. 
They cnablad hlni to tMak out the law of conservatloa, and Ms conclusions received 

eronco i^ t^elr coniparaUtfe mei4ts, I would eay tbfit aa Beer and Gencrolizer, flayer 
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region of life, mind, eoeiety, histoi-y, and educatioii, tte traditional 
custodians of tlieso subjects iave Liddeu it keep witMn its limits 
and stick to matter. But science is not to be hampered I>y tliia 
narrow conception ; its office is notMng less tliaii to investigate the 
laws and nniTersal relations of force, and its domain is therefore 
coestensdve with the display of power. Indeed, as we know noth 
ing of matter, except through ita manifestation of forces, it is oh- 
Tions that the eratiy of matter itself is at last resolved into the 
study of forces. The estaljlishment of a new philosophy of forces, 
therefore, by its vast est«nsion of the scope and methods of sci- 
ence, oonstitntes a momentons event of intellectual progi'css. 

The diaonssions of the present volume will make fully appai'ent 
the importance of the new doctrines in relalion to physical science, 
but their higher implications are but partially unfolded. In the 
concluding article Dr. Oaipentar has <hown the apphcal ihty of the 
prind-ple of correlation to vital phenomena. His argument is of 
interest, not only because of the facts and pnnciples estiblished, 
but as opening an inquiry which must lead to still largei resnlts: 
for, if the principle be found, operative m fundamental oiganio 
processes, it will undoubtedly be tiaci^dm those which me higher; 
if in the lower sphei'e of hfe, then throughout that sphere. If the 
forces are correlated in organic growth and nutrition, they must be 
in organic action; and thus human activity, in all its forms, is 
brought within the operation of the law. As a creature of or- 
ganic nntrition, borrowing matter and force from the outward 
world; as a being of feeUng and sensibility, of intellectual power 
and multiform activities, man must be regarded as amenable to the 
great law that forces are convertible and iadestrnotible ; and as 
psychology and sociology— the science of mind and the science of 
Bocicty-— have to deal constantly with different phases and forma 
of human enei^, the new principle must be of the profoundest 
Import in relation to these great subjects. 

The forces manifested in the living system ai'e of the most 
vai-ied and nnliko ohm'acter, mechanical, thennal, luminous, electric. 
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Btemical, aon'oiis, sensory, emotioiia], and intellectual. Ttat theae 
foroes are perfectly ooonlinated — that there is some definite relation 
among them which explaias the maryelloias djnainio unity of the 
living organism, does not admit of question. That this relation is 
of the same nature as that which is foimtl tc exist among the 
purely physical forces, and which is espressod by the term ' Correl- 
ation,' seems also ahundantly evident. ITrora the great complex- 
ity of the conditions, the same exactness will not, of conrse, he 
expected here as in the inorganic field, hut this is one of the neces- 
sary limitations of all physiological and psycholo^cal inquiry ; thus 
qualified the proofs of the correlation of the nervous and mental 
forces with the physical, arc sa clear and decisive as those for the 
physical foroes alone. 

If a current of electricity is passed through a small wire it 

p d h t wh 1 it h t IS pph d t ce "tain combination of 

til t pice m-ntflt ty these foroes ai'e, 

1- f 1 ted. A t f 1 t ty p ssed through a 

11 I t f m to y will cite the nerve 

1 th aid hi ththhiid,as3 shown in the 

fthtpdthn f myg ate electricity, 
W f may p d h t, 1 ht I t tj nd, as we cou- 
tiiitly I mechan 1 p w 1 tt se n th.t.ir turn may 

also exe t9 n f Th f m f gy 18 therefore deai-ly 

entitled to a place in the order of correlated aganaea 

Again, if we take the highest form of mental action, viz will- 
power, we find that while it commands the movements of the sys- 
tem, it does not act directly upon the moscles, hut upon the cerebral 
bemispheres of the brain. There is a dynamic chain of which 
voluntary power is but one link. The will is a power which excites 
nerve-force in the brain, which again excites mechanical power in 
the muscles, 'Will-power is therefore correlated with nerve-power 
in the same manner as the latter is with mnsenlar power. Dr. 
Carpenter well observes: "It is difficult to see that the dynamical 
agency which wo term will is more removed from nervo-force on 
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the one hand than nei've-force is removed from motor forco on the 
other. Each, in giving oiigin to the next, is itself expended or 
ceases to east im such, and each bears, in its own intensity, a pre- 
cise relation to that of its antecedent and its consec[i!ent," We 
have here only apace briefly to trace the principle in its applica- 
tion to sensations, motions, and intellectual operations. 

The physical i^enciea acting upon inanimat* objects in the 
estflmal world, change their form and state, and we regard these 
changes as transformed manifestations of the forces in action. A 
body is heated by hammering; the heat isbuttranemnted mechani- 
cal force ; or a body is put in motion by heat, a certain quantity 
being transformed into mechanical effect, or motion of the mass. 
And 30 it is held that no force can arise except by the espenditure 
of a preexisting force. Now, the living system is acted upon by 
the same agencies and under the same law. Impressions made 
upon the organs of sense give rise to sensations, and we have the 
same warrant in this, as in the former case, for regarding the effects 
as transformations of the forces in action. If the change of 
molecular state in a melted body represents the heat transformed 
in fusing it, so the sensation of warmth in a living body must 
represent the heat transformed in producing it. The impression on 
the retina, as we}l as that on the photographic tablet, results from 
the transmuted impulses of light. And thus impressions made 
from moment to moment on all our oi^ans of sense, are directly 
con-elated with external physical forces. This correlation, further- 
more, is quantitative as well as qnalitatire. Not only does the 
light-forceproduceitspeculiarsensationSibnt the intensity of these 
sensations corresponds with the intensity of the force ; not only is 
atmospheric vibration ti'ansmuted into the sense of sound, but the 
energy of the vibration determines its loudness. And so in all 
other cases ; the quantity of sensation depecis upon the quantity 
of the force acting to produce it. 

Moreover, sensations do not terminate in themselves, or come 
to nothing; theyproducecettaincorrelated and equivalent effecte. 
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TLo feelings of liglif, heat, sound, oilur, taste, pressure, are im- 
mediately followed by pbyfiiologieal cfibots, as secretion, musoulai 
acliOTi, &C. SonsatioBS increase the eontraotions of flie heart, and 
it has Ijccn lately maintained that every sensation contracts the 
muscular fibres throughout the whole vaaonlar system. Tho res- 
piratory musclea also respond to sensations ; the rate of breathing 
being increased by both pleasurable and painfal nerve-imprcssione. 
The quantity of sensation, moreover, controls the quantity of emo- 
tion. Loud sounds produce violent starts, disagreeable tastes cause 
wry faces, and sliatp paina give I'iae to violant atmgglca. Even 
when groans and cries are suppressed, the clenched hands and set 
teeth show that the muscular esoitemcnt ia only tailing another 
direction. 

Botweea the emotions and bodily actions the correlation and 
equivalence are also equally clear. Moderate actions, like moderate 
sensations, excite tho heart, the vascular system, and the glandular 
organs. As the emotions rise in strength, however, the various 
systems of muscles are thrown into action ; and when they reach a 
certain pitch of intensity, violent convulsive movenicnts ensue. 
Anger frowns and stamps ; grief wrings its hands; joy dances and 
leaps— the amount of sensation determining the quantity of correla- 
tive raovement. 

Dr. Carpenter, in his Physiology, has brouglit forward numerous 
esemplifications ot thispnnciple ot the conveiaon of emotion mto 
movement, as seen in the common workmgs of human naturi. 
Moat persons have expciienced the difliculty of sittmg atUl undei 
high eiutement of tho fechngs, and also the rtlisi offoided by 
walking 01 active exerusc,, while, on the other hand, repression of 
the movements protracts the emotional excitement. Many iraRCiljle 
pei'sons get reUef from their irritated feelings by a heai'fy esplosion 
of oaths, others by a violent slamming of the door, or a prolonged 
Gt of grumbling. Demoretrative persons habitually expend theit 
feolii^ in action, while those who manifest them less retiun thein 
longer : hence the foi'raer are more weak and tran^ent in their 
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attitciimenta tliou ihi, latter i\ Ii e unexi ended eiaotiona beoomo 
permanent element', of duractoi Toi the same reason, tliose wJio 
are loud and vehement m tl eu lameniationa seldom die of grfef ■ 
while fi^s ^eep seated cmot ona of li h th an t 

work off in yioleit deinOQstiation=i d i lb th f t a, 

and often wear out the hie 

The intellectual opeiations ar als duectly oorr 1 t d w th 
physical aotivitito As m the mo gam w Id w kn W tl g 
of forces except as exhibited by mitte th 1 gh int li t 1 

realm we know notiinn si mini 1 jttl ghtmt 1 

raanifestationa. Mental opention ardplntp mt d 
changes ia the nervous system, and tmynwl gadda-a 
fnodamentol phyBiological pimoiple, th t 1 f hug 

aiTse, save as ti e le^iult of some ily 1 f zp iided m p 

ducing it," The direLtneaa of th 1 p d p d by th 

fact that any distmhanos of the t t lalt sfmtna 

disturbs mentality while then xir t d tr y t Anlh 1 

the coiTelatioa liS q l■lntltatl^ e Othei things being eqnal there is a 
relation between the size of the nerve ai paratus and the amount 
of mental action of which it la cipalle Again, it is dependent 
upoa the vigor of the circulatioii; if this is arrested by the cessation 
of the heart's action, total unoonaoiouBiiesB reanlts; if it is enfeebled, 
mental action is low ; while if it ia qoickened, mentality lises, even 
to delirium, when the cerebral activity becomes escesaive. Again, 
the rate of brain activity ia dependent upon the special chemical 
ingredients of the blood, oxygen and carbon. Increase of osygcn 
augments cerebral action, while increase of oai'bonio acid depreascs 
it. The degree of mentality ia also dependent upon the phosphatic 
constituents of the nervous system. The proportion of phosphorus 
in the brda is smallest ia infancy, idioey, and old age, and greatest 
during the prime of life ; while the quantity of alkaline phosphates 
excreted by the Iddneya rises and falls with the variations of mental 
activity. The eqvuvalence of physical agencies and mental effects 
is still further seen in t!ie action of various sabstanoea, na nloohol. 
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opium, haaliisli, uitroua oxide, etc., ivlieii absorbed, iuto tlie bluwl. 
Within tb.0 limits of their peculiar aotioa upon, the nerYOUS centres, 
the effect of each is strictly proportionate to the q ntity taken. 
There is a constant ratio hetween the anteoedenfcs and na qn nta 
"IIow this metamoi-phoMS takes place— how a f e e ting 
aa motion, heat, or Ught, oan hecome a mode of co sn as — 

how it is possible for aeiial Tihrations to generate the t n 

we call aonad, or for the forces liberated b j chemical h ng a a the 
brain, to give nse to emotion, these are mysteries ■which it ia im- 
posaible to fathom But they are not profomider mysterios than 
the tianstormation of the phyacal forces into each other. They 
aie not moie completely beyond oar comprehension than the 
natui es of mind and matter. They have aimply the same insolu- 
bihty aa ill othei ultimate qneations. We can learn nothing more 
than that here ia one of the nniforraities in the order of phe- 



The law of correlation being thus applicable to human energy 
as well aa to the powers of natui'e, it must alao apply to society, 
whore we constantly witness the conversion of forces on a compre- 
hensive scale. The powers of nature are transformed into the activ- 
ities of society ; water-power, wind-power, steam-power, and electri- 
cal-power are pressed into the social service, reducing human labor, 
multiplying resom'Oea, and carrying on numberless indushial pro- 
cesses : indeed, the conversion of these forces into social aetivities 
if one of the chief ti'iumphs ot civilization. The universal forces 
of heat and light ai'e transformed by the vegetable kingdom into 
the vital energy of organic compounds, and then, as food, are again 
converted into human beings and human power. The very ejdst- 
ence as well as the activity of society we obviously dependent upon 
the operations of vegetable growth When th^t is abundant, popn 
lati)n may become dense, and louil activities mntiftinous and 
oompUdated, while a scanty regetdtion ent-iils spjise population 
and enfeebled aocial action. Any uaivers'd distmbmie of the 
physical forces, as excessive rains oi diouth, bj leducmg the bar 
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vest, is felt tiuronghoiit the entire social organism. "Where Ibis 
elTeot is marked, and not counteracted by free commnnioation with 
more fertile regions, the means of the community become restricted, 
business declines, manufactui-ea are reduced, trade slackens, ti'avel 
falls off, luxuries are diminished, education is neglected, mai'riages 
are few^er, and a thouBaad kindred results indicate decline of enteiv 
prise and depression of the social energies. 

In a djnamieal point of view tliero is a strict analogy between 
the indiYidual and the social economies— the same law of force 
govema the dovolopmcnt of both. In. the ease of tbo individual, 
tie anionnt of energy which lie possesses at any time is limited, 
and when consumed for one purpo&o it c innot of tourse be had fo( 
another. An undue demand in one direction mvolycs a corre- 
sponding deficiency clsi-wheie For example, eieeosive action of 
the digestiTS system exhausts the mnscul'u ind ceiehral systems, 
while excessive action ot the mnsonlai syjtem is at tlie expense of 
the cerebral and digestive oigans, and agam, excessive action of 
the brain depresses the dieestive and muscular ener^es. If the 
fund of power in the growmg constitutions of chiliren is overdrawn 
in any spedal chmnel, aa is often the ease by excessive stimulation 
of the brain, the undue absti'aotion of energy from other portions 
of the system is sure to entail some form of physiological disMter, 
So with the sooial organism; its forces being Kmited, there is but a 
deflmte amount of power to be consumed in the various social 
activities It'' appropriation in ono way makes impossible its eni- 
ploymant m another, and it can only gain power to perform one 
limction by the loss of it in other directions. This fact, that social 
force cannot be created by enacfrnent, and that when dealing with 
the produemg, distribnting, and commercial activities of the com- 
mnnity, legislation can do little more than interfere with their 
natural courses, deserves to be more thoroughly appreciated by the 

But the law in question has yet higher bearings. More and 
more we are perceiving that the condition of humanity and tb« 
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progreas of civJIizatJon are direct i-e3nlt4Uits of Uio forces lij wLicIi 
men are controlled. What w6 term the moral order of society, im- 
plies a Btj'iot regularity in the action of those forces. Modem sta- 
tiatios disclose a remaj-kablo constancy in the moral activities man- 
ifested in communitiea of men. Crimes, and even the modes of 
crime, have been obseiTed to occnr with a imiformity which admits 
of their prediction. Each period may therefore he Sfud to haye its 
definite amount of morality and justice. It haa heen maintained, 
for inatanec, with good reaaon, that "the degree of hberty a peo- 
ple is capable of in any given age, is a fixed quantity, and that any 
artificial extension of it in one direction brings about an equiva- 
lent limitation in Bome other direction. French revolutions show 
scarcely any more respect for individual rights than tho despotiama 
they supplant; and rrenoh electors use their freedom to put 
themselves again in slavery. So in those communities where State 
restraint is feeble, we may espoot to find, it supplemented by tho 
eterner restrainta of public opitdon," 

But society like the individual is progi'essive. Although at 
each stage of individual gi-owth the forces of the organism, phya- 
ological, intellectual, and passional, have each a ceitain definite 
amount of strength, yet these ratios are constantly ohan^g, and 
it is in this change that development essentially consists. So with 
Booiety; the measured action of its forces gives rise to a fised 
amount of morality and hberty in each age, but that amount in- 
creases with social evolution. The savage is one in whom certain 
classes of feelings and emotions predominate, and he becomes civil- 
ized just in proportion as these feelings are slowly ropla^ed by oth- 
ers of a higher character. Yet the activities which determine 
human advancement ai'o various. Not only must we regard the 
physiological forces, or those which pertain to man's physical or- 
ganization and capacities, and the psycholo^oal, or those restiltiug 
from his iateHectnal and emotional constitution, bnt the influences 
of the estemal world, and those of the social state, are hkewise to 
be considered. Man and society, therefore, as viewed by the ey« 
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of science, present a aeries of yaat and oomples dynamical proliiems, 
whicli arc to lio studied in the future ia the light of tiie great 
-aw liy which, we have reason to holieve, aH forma and phasee of 
force ace governed, 

A farther aspect of the suhjeot remains still to be noticed, Mr. 
Herhert Spencer has the honor of crowning this sublime inquiry by 
ehowing that tbe law of the conservation, or as lio prefers to term, it 
the 'Peraistenoe of roroe,'asit is the nnderlying principle of all be- 
ing, is also tlie fmidamental truth of all philosophy. "With masterly 
analytic skill he has shown that this prinraple of which tho hnman 
mind has jnst become fully oonsoioua, is itself the profoundest law 
of the human mind, the deepest foundation of conscionsness. He 
has demonstrated that the law of the Persistence of Force, of which 
the most piercing inteEeots of past times had hut partial aud un- 
satisfying glimpses, and which the latest soientiflo research has 
disclosed as a great principle of nature, has a yet more transcendent 
character ; is, in fact, an A priori truth of the highest order — a 
truth which is necessarily involved in our mental organization ; 
which is broader than any possible induction, and of higher vaJidity 
than any other truth whatever. This principle, which is at once 
the highest result of sciontiflo investigation and metaphysioal 
Spencer has made the basis of his new and compre- 
e System of Philosophy; and in tho first work of the scries, 
d"]rirst Principles," ha has developed tho do t n n ta 
t phUosophio Bspeota. The lucid reasoning by nhi h ho 
reaches his conclu^ons cannot bo presented here ; a b f tra t 
or two will, however, servo to indicate the important pi a od 
to the law by this acute and profound inquirer : 

" Wo might, indeed, he certain, even in the absenco fay h 
analysis as the foregoing, that there must exist som p m pie 
which, as being the basis of science, cannot be establ h d by 
anco. All reasoned out conclusions whatever must rest on some 
postulate. As before shown, we cannot go on mer^ng derivative 
truths in these wider and wider truths from which they are do- 
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rived, witlioiit reaohing at last a widest triitli which can be morgod 
m no other, or derived fl-om no other. And whoever eontemplatcB 
the rdation ia whioh it stands to the truths of science in general, 
will see that this truth, tranaoending demonstration, is the Persiat- 
eiice of force." * * * 

" Such, then, is the foundation of any possible system of posi- 
live liEowledge. Deeper thaa demonstration— deeper even than 
definite oognitiou— deep aa the very nature of mind, is the pratu- 
3ate at which we have arrived. Its authority ti-ansoends all others 
whatever ; for not only is it given in the constitntion of onr own 
conscionsness, but it is impossible to imagine a consciousness so 
constituted as not to give it. Thought, involving simply the estab- 
lishment of relafjons, may be readCy conceived to go on while yet 
these relations have not beea organized into the abstracts we caU 
space and time ; and bo there is a conceivable kind of consciousness 
whioh does not contain the trnths commonly called dpriori, in- 
volved in the organization of these forms of relations. But thought 
cannot be conceived to go on without some element between which 
its relations may be established ; and so there ia no conceivable 
kind of consoiouaneBs which does not imply continued esistonce as 
Ita datum. Consciousness without this or that particular form ia 
possible; but consdoiisness without conWiia is impossible. 

"The sole truth which transcends experience by underlying it, is 
tlius tlie Persistence of force. This being the basis of ospcricnoe, 
must be the basis of any scientiSe organization of experiences. To 
this an. uitiinnte analysis brings as down; and on this arationiJ 
synthesis must be built up." 

To the question, "What then is the value of experimental inves- 
tigations upon the subject, if the truth sought cannot he estab- 
lished by inductions from them ? Mr. Spencer replies; "They are 
of value as disclosing the many particular implicadons which the 
general truth does not specify ; they are of value as teadiing us how 
maoh of one mode of force is the equivalent of so much of another 
mode ; they ai'e of value as determining under what conditions each 
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luetajjioi'pliows occurs; and they we of value u3 leading ns to in- 
quire in wliat shape the remnant of force lias escaped, when the 
apparent reaulta are not equivdent to the cause." And it may he 
added, that itiato theae inveatigationa that we ai'e indebted for the 
clear and comprehensive eatahlishment of the principle as a law of 
phyMcal nature; psychological analyia having only shown that it 
extends much fni-ther than it is the hnsiness of experimental acience 
to go. 

Thus the law charaoteiized hy Faraday is the higheat in phys- 
ical science which onr faculties peimit as to perceive, liaa a fhr ■ 
more extended sway, it raiifht well have been proclaimed the 
highest law of all scii-nco— the most far reaching principle that 
adventuring reason has discovered m the uraverae. Its stupendous 
reach apana all ordora of exiatence "Sot only docs it govern the 
movements of the heavenly hodies, but it piesides over the genesis 
of the conatdlations , nut only doei it conti ol those radiant floods 
of power which All the eternal spaces, bathing, wanning, illumining 
and vivifying onr planet, but it iides the actions and rel.itions of 
men, and regelates the march of ten'estrial affuirs. Nor is its do- 
minion limited to physical phenomena; it prevails equally in the 
world of mind, controlling; all the faculties and processes of thought 
and feeling. The star-suns of the remoter gidasies dart their ra- 
diations across the universe ; and although the distances are ao pro- 
found that hundreds of centuries may have been required to traverse 
them, the impulses of force enter the eye, and impressing an atomic 
change upon the nerve, give origin to the sense of sight. Star 
and nerve-tissue are parts of the same system— stellar and nervous 
forces are correlated. ITay mora; sensation awakens thought and 
kindles emotion, so that this wondrous dynamic oliain binds into 
living unity the realms of matter and mind through measureless 
amplitudes of apace and time. 

And if these high realities are but faint and fltfd glimpses 
which acieoeo has obtained in the dim dawn of discovery, what 
must bo the glories of the coming day? If indeed they are fcnl 
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'pebbles' gathered from the sliores of the great ocean of trutli, 
wliat are the myatcnea still hidden in the bosom, of tbe mighty un- 
explored? And how far transcending all stretoli of thought t]iat 
Unknown and Infinite Oanso of all to-whicli the luman spirit turna 
evermore in solemn and mysterious worship 1 

It remains only to observe, that so immense a step in the pi'o- 
gress ot om knowiudgo of natur'il ageno es as the follow ng ] ^ 3 
disolose cinn t lie w tlio t efFe t upon the mtellectn I cultn e 
of fiie a^e To tlie adherents of tli t sch la t c and ve bal edn 
cat on wb ch p efe a words to th ngs, an 1 an ent to mode n 
tho a^t vb oh gnorea the study ot nature ind e ards the i ro- 
gress of science with mdifierence or boatility, it matters kttio what 
views of the world ai-e entertained, or what changes these views 
may undergo. But there is another, and happily an inoreasing olaM, 
who hold that it is the true destiny of mind to comprehend the 
vast order of esistence in the midst of which, it is placed, and that 
the faculties of man are divinely adapted to this subEme task; who 
sec that the laws of nature must be understood before they can be 
obeyed, and that only tlirough this understanding can man rise to 
the mastery of its powers, and bring himself into final harmony 
with his conditions. Those will recognize that the discovery of 
new principles which expand, and elevate, and hai'monize our views 
of the universe — which involve tho workings of the mind itaehi 
open a new chapter in philosophy, and touch the very foundations 
of knowledge, cannot be without a determining influence upon the 
future, conrsa and development of thought, and tbe spirit sad 
methods of its acquisition. 
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William Robert Ghovb, an EngUsL lawyer and phyacist, was bora at 
Swansea, Jttl; 1 i, ISll. He grailiiai«d at Osfotd in 1831, and dudug tiia 
nest five jeara wb3 Professor of Natural PhUosoplij at the London Insti- 
tution. Professor GroTO is a rare example of Ito aliilitj wMch liaa achieved 
a distinguished emiiience in diifereot fields of cffbrt. While pursuing with 
marked suockss Ito profes^on of an advocate, he has ilevoted bia l^ure to 
origioa! ecientifio researches, and obtained a high dietinetioti both la a dis- 
coTerei Rnd a. philoEophic writer upon scientifio subjects. In 1863 he waa 
mode Qoeen's Counsel, and sftcrwards VicoProsident of the Royal Society. 
He is the inventor of the powerful galvanic battery known by his name, and 
hia chief roBcarches have been in the field of eloetiicitj'. itfany of his es- 
purimentnl results are referred to in the following pages, which will also 
attest his high portion among the foimdi^rs of the new pliilMopliy of 
forces. 
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PREFACE 



TUB Pliraee ' Correlation of Physical Forces ' in tlie seuse in 
wnicli I have used it, having become recognized by a large 
number of araentific writeis, it would produce confuMoa Tvcre I 
now to adopt another title. It would, perhaps, have been better 
if I had in the first instance used the term Co-relation, as the 
words ' correlate,' ' correlative,' had acquired a peculiar metaphys- 
ical sense somewhat differing from that which I attached to the 
substantive correlation. The passage in the text (p. 163j esplains 
the meaning I have given to the term. 

Twenty years having elapsed since I promulgated the views 
contained in this Essay, which were first advanced in a lecture at 
the London Institution in January 1843, and subsequently more 
ftiUy developed in a course of lectures in 1843, 1 think it adviaablo 
to add a little to the Preface with reference to other labourers in 
the same field. 

It has happened with this subject as with many otiiers, that 
wmilar ideas have independently prctenttd themselves to differ- 
ent minds abont the same period In May 18i3 a paper was 
published by M. Mayer which I had not read when my last edition 
was published, and indeed only now know imperfectly by the 
mad-wee translation of a friend. It deduces very much tlie same 
conclusions to which I had been led, the author starting partly 
from A priori reasoning and partly from an experiment by which 
water was heated by agitation, and from another, which tad, how- 
ever, previously been made by Davy, viz. that ice can be melted 
hy Motion, though kept in a medium which is halow Iho freezing 
point of water. 

In 1843 a paper by Mr. Joule on the mechanical equivalent of 
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beat appeared, which, though not in terms touching on the mutual 
and necessary dependence of all the Physical Forces, yet bears 
most importantly upon the doctrine. 

"Wliile my third edition was going through tlie press I haii 
the good fortune to make the acquaintance of M. Seguin, who 
informed me that his uncle, the eminent Montgolfler, had long 
entertained the idea that force was indestructible, though, with 
the exception of one sentence, in his paper on the hydraulic ram, 
and where he is apparently speaking of mechanical force, he haa 
lefl; nothing in print on the subject. Not ao, however, M. Seguin 
himself, who in 18S9, in a work on the ' Influence of Railroads,' 
has distinctly expressed his uncle's and his own vicwH on the 
identity of heat and mechanical foree, aud has ^vea a calculation 
of their equiyalent relation, which is not far (torn the more recent 
numerical results of Mayer, Joule, and others. 

Several of tie great mathematicians of a much earlier period 
advocated the idea of what they termed the Conaeryation of Force, 
but although they considered that a hody in motion would so 
continue for ever, unless arrested by the impact of another body, 
and, indeed, in the latter case, would, if elastic, still continue to 
move (though deflected from its coarse) with a force proportion- 
ate to its elasticity, yet with inelastic bodies the general, and, as 
far as I am aware, the universal belief was, that the motion was 
arrested and the force annihilated. Montgolfier went a step iar- 
ther, and his hydraulic ram was to him a proof of the truth of 
his preconceived idea, that the shock or impact of bodies left the 
mechanical force undostroyed. 

Previously, however, to the discoveries of the voltaic battery, 
electro-magnetiam, thermo-electricity, and photography, it was 
impossible for any mind to perceive what, in the greater number 
of cases, became of the force which was apparently lost. The 
phenomena of heat, known from the earliest times, would have 
been a mode of accounting for the resulting force in many cases 
where motion was arrested, and we find Bacon announcing a 
theory that motion was the form, as he qudntly termed it, of 
heat. Humford and Davy adopted this view, the former with a . 
fair approximate attempt at numerical calculation, but no one of 
these philosophers seems to have connceted it with the inde- 
itructihility of force. A passage in the writings of Dr. Roget, 



Hosted .vGoogle 



combating the tlieorj ttat mere contact of dissii lilur bodies wau 
the source of voltaic electricity, philosophically supports Ha argu 
ment by tho idea of uon-ereation of force. 

As I taye introduced into the later editions of my Essay ab- 
stracts of the different discoveries which I have found, since mj 
first lectures, to bear upon tKe subject, I taTC been regarded bj 
many rather as the historian of the progress made in this branch 
of thought than as one who has had anything to do with its ini- 
tiation. Everyone is but a poor judge where he is himself inter- 
ested, and I therefore write with diffldencc, but it would be aflect- 
ing an indifference which I do not feel if I did not state that I 
believe myself to have been the first who introduced this subject 
aa a generalised system of philosophy, and continued to enforce 
it in my lectures and writings for many years, during which it 
met with the opposition nsual and proper to novel ideas. 

Avocations necessary to the well-being of others have prevent- 
ed my following it up experimentally, to the extent that I once 
hoped ; but I tmat and believe that this Essay, imperfect though 
it be, has helped materially to impress on that portion of the 
public which devotes its attention rather to the philosophy of 
science than to what is now termed science, the truth of the thesis 
advocated. 

To show that the work of to-daj is not snbstantially different 
from the thoughts I first published on the subject, at a period 
when I knew little or nothing of what had been thought before, 
I venture to give a few estraets from the printed copy of my 
lecture of 1843 :— 

Physioal Sdenee treats of Mattflr, and what I shall to-nMit term il3 
Afffdiona ; namely, Attraction, Motion, Heat, I^ht, Electricity, Magoet- 
iam, Ohemioal-Affinity. When these rc-oot upon matter, they constitute 
Forces, The present tendency of theory seems to lead to the opinion that 
all these Affections are resolTEble into one, namely, MoUon; however, 
should the theories on tfieee subjects be ultimately so efffeotuidiy gener- 
aliaed as to become laws, thej cannot aTOid tiie necessity for retaining dif- 
ferent names for these different Affeoljons ; or, as they would then be called, 
different modes of Motion , . . , 

CErsted proved that ElectricSty and Magnetism ace two forces which act 
upon each other ; not in straight lines, as all other known forces do, but in 
a rectangular direction ; tliat is, that bodies invested with eleotridty, or the 
conduits of an electiic-cunent^ tend to place magnets at right ai^lea to 
rhcm ; and, convei'sely, that magnets tend to place bodies conducting elec- 
iridtj at right angles to them 
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The discovery of (Ersted, by wUeh pleotcieity was made a sourc* oi' 
Magnetiem, soon. led. philosophera to Beet ite conTecae effect ; that is, to 
educe Electricity from a permanect magnet : — bad these esperimentalifita 
succeeded in their eipecCaCious of makiug a statjonarj magnet a source of 
electricnairrents, they would have realiEed the ancient dreimiB of perpetual 
motion, they would bare cooyeri;ed statics into dynamics, they would have 
produced power without espendituve ; in other words, they would have be- 
come ereatorfl. They faUed, and Faraday saw their error ; he proved that 
to obtain Electridt; from Magnetisin it was necessary to superadd to thii 

latter, mction; that magneto while in moUon induced eleotri^ty in con- 
tiguous conducl«r8 ; and that the direcijon of such eleotcic-currenta was 
tangential to the polar direction of the magnet ; that as Dynamic-electiioity 
may be made the source of Magnetism and Motion, so Magnetism conjoined 
witb Motion may be made the source of Blectiidty. Hera originates the 
Science of Magneto-electridty, the true converse of Electro-ma^tism ; 
and thus between Electricity and Magnetism is shown to eiiat a reaproeity 
of force such that, considering either as the primary agent, the other be- 
comes the re-agent ; viewmg one in the relation of cause, the other is the 



Voltaic action is Chemical action taking place at a distance or trans- 
ferred through a ehun of media ; and the Daltonian equivalent numbers 
are tbe exponents of the amount of voltaic action for corresponding chemi- 
cal BuljstaQces. , . . 

By regarding the quantity of electrical, as dii-ectiy proportional to the 
efBcleut diemical action, and by experimentally tracing tliis prindple, I 
hare been fortunate enough to increase the power of the Toltalc-pile 
more than sixteen times, as compared with any eomMnatloD previously 
known 

I am strongly disposed to consider that the facts of Catalysis depend 
upon voltiuc action, to generate which three heterogeneous substances ore 
always necessary. Induced by this belief I made some experiments on the 
subject, and succeeded in fomiing a voltaic comlninatioa by gaseoug-ox^en, 
gaseons-bydrogen, and platinum ; by which a g^vaaometer was deflected 
and water deeompoaed. .... 

It appears to me that heat and hght may be considered as affections ; 
or, aecordjng to the Undulatory-theory, vibrations of matter itself, and not 
of a distinct etharial fluid permeating it ; these vibrations would be prop- 
agated, just as sound is propagated bj vibrations of wood or aa waves by 
water. To my mind, all the consequences of the Undulatory-theory flow 
as easily from this, as from Ibe hypothesis of a specific other ; to suppose 
which, namely, to suppose a fluid std generis, and of extreme tenuity pene- 
trating solid bodies, we must assume, flrst^ the existence of the fluid itself; 
secondly, that bodies are without exception porous ; thirdly, that those 
pores communicate; fourthly, that matter ia lunited hi expanability. 
None of these difficulliea apply to the modification of this theory which I 
venture to propose; and no other difficulty applies to it which does not 
equally t^ply to the received hypothecs. With regard to the planetary 
spaces, the diminishing periods m comets is a strong argument for the ex- 
ii?tcnce of an ur.iverGclly-diffused matter: this has 'he funcljou of resiat 
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snce, and there apponrs to bo no reofon to divesl; it of tlic functions com- 
mon to all matter, or Buperfidallj to appropriate it to certain afieoliona. 
Again, Uie phenomena of tciuiEpaieiicy and opaclt; sm, ta my miad, more 
easily explicable bj the former tlian by the latter theory ; as resultioK from 
a difference in tbe molecular arrangement of the matter affected. In re- 
gard to l^e etfecla of double-refi^actton and polarisation, the molecular 
gives at once a reason foe the effects apoa the one Iheorj', while upon the 
other we must, in addition to previous assomptioiiB, further assume a, dif- 
ferent el^tici^ of the ether in di£ferent direotions within the doubly- 
refracting tnediam. The eame theory !a appHcable to Mectricity and 
Magnetism ; my own e^eriments on the influence of the elasdc intermedinm 
on Ihe Tollaic-aro, and those of Fittaday on electrical inducljon, furnish 
strong iuguments in support of it. My inclination would leiid me lo de- 
tMn yoQ on tliis subject much longer than my judgment deems advisable : 
I therefore content mjaelf with offering it to your cotisideraijon, and, 
Ebould my nvocaliona penmt, I ma; at a future period more full; derelope 
IL . . . . 

Light, Heat, Electricity, MagDotIsm, Motion, and Ohemical-affinitj', arc 
all convertible material {Sections ; assumii^ dther as the cause, one of 
the otherB will be the efffeet : thus heat may be s^d to produce el&itricity, 
electFicity to produce heat ; magnetism to produce electricity, eleotricity 
magnetifflu ; anA ao of the test. Cause and effect, therefore, m thdr al>- 
straot rela<jou to these forces, are words eolely of convenience; we are 
totajlj uiiacquam.i«d with the ulthnate generatmg power of each and all 
of Ihem, and probably shall ever remain so ; wc can only ascertain tho 
normse of tJidr action : we must humbly refer Ihcir causation to one omni- 
present influence, and content ourselvea with studying that effects and 
developing by experiment their mutual relations. 

I have transposed the passages relating to voltaic afition aud 
catalysis, but I have not added a word to the above quotation, 
and, as far as I am. now aware, the theoiy that the so-called im- 
ponderables are affections of ordinary matter, that they are re- 
solvable into motion, that they are to be regarded in their action 
on matter as forces, and not as specific entities, and that they are 
capable of mnfcual reaction, thenc* alternately acting as cause and 
effect, had not at that time been publicly advanced. 

Mj original Essays being a record of lectures, and being pub- 
lished by the managers of the Institution, I necessarily adhered 
to tho form and matter which I had orally communicated. In 
preparing subsequent editions I found that, mthout destroying 
the identity of the work, I could not alter the style ; although it 
would have been lees difficult and more satisfectory to me to have 
done so, the work would not have been a republication ; and I 
was for obvions reasons anxious to preserve as far as I could the 
ori^nal text, wluch, though added to, is but little altered. 

Tlie form of lectures has necessarUj continued the use of Ihe 
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8 PREFACE. 

flrat jjersoE., and I would beg my readers not to attribute to ini^ 
from the modes of cxpreesiou used, a dogmatiBm whiclt is far from 
my thought. If my opinions are expressed broadly, it is that, if 
opinions are always hedged in by qualiflcations, the style becomes 
embarrassed and the meaning frequently uuiutelligifale. 

As a course of lectures can only be useful by inducing the 
auditor to consult works on the subject he hears treated, so the 
object of this Eaaay is more to induce a partienlar train of thought 
OD the known facts of physical science than to enter with minuto 
criticisms into each separate branch. 

In one or two of the reviews of previoiis editions the general 
idea of the work waa ohjcctod to. I believe, however, that will 
not now be the case ; the mathematical labours of Mr. Thouipsoii, 
Clausius, and others, though not suitable fbr insertion in. an 
Essay such as this, have awakened an interest for many portions 
of the subject, which promises much for its future progress. 

The short and irregular intervals which my profession permits 
me to devote to science so prevent the continuity of attention 
necessary for the proper evolution of a train of thought, that I 
certainly should not now have courage to publish for the fli'st 
time such an Essay ; and it is only tlie favour it hag received 
fi'om those whose opinions I highly value, and the, I trust pardon- 
able, wish not to let some favourite thoughts of my youth lose all 
connection with my name, that have induced me to reprint it. 

My scientific readers will, I hope, excuse the very short notices 
of certain branches of science which are introduced, as without 
them the work would be uniutelligible to many for whom it is 
intended, I have endeavoured so to airange my matter that each 
division diould form an introduction to those which follow, and 
to assume no more preliminary knowledge to he possessed by my 
readers than would be expected from persons acquainted witli the 
elements of phydcal science. 

The notes contain references to the original memoii's in which 
the branches of science alluded to are to be found, as well as to 
those which bear on the msdn a^nments ; where these memoirs 
are numerous, or not easy of access, I have referred to treatises in 
which they are collated. To prevent the reader's attention being 
Interrupted, I have in the notes referred to the pages of the text. 
Instead of to interpolated letters. 
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COEEELATION 



PHTSIOAL FOBOES 



I._IKTEODUCTOIiT REMAKES. 

WHEN natural phenomena are for the Aral tine ob- 
Bervei3, a tcBdency immediately developes itself to 
refer tiem to something previously known — to bring them 
within the range of acknowledged sequences. The mode of 
regarding new facts, which is most favourably received by 
the public, is that which refers them to recognised views — 
stamps them into the mould in which the mind has been al- 
ready shaped. The new fact maybe far rem.oved from those 
to whicli it is referred, and may belong to a different order 
of analogies, but this cannot then be known, as its co-ordi- 
nates are wanting. It may be questionable whether the 
mind is not so moulded by past events that it is impossible 
to advance an entirely new view, but admitting such possi- 
bility, the new view, necessarily fouadcd on insufficient data, 
is likely to bo more incorrect and prejudicial than even a 
drained attempt to reconcile the new discovery with known 
facts. 

The theory consequent upon new facts, whether it be a 
co-ordination of them with known ones, or the more diffieuH 
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10 coRRErji.'noH of p 

and dangerous attempt at romodclJing the public ideas, ia 
generally enunciated hj the discoverers themselves of the 
facts, or by those to whose authority the world at the period 
of tLe discovery defers ; others are not bold enough, or if 
tlieybe so, are unheeded. The earliest theories thus enuncia- 
ted obtain ihe firmest hold upon the public mind, for at sucli 
a time there is no power of testing, by a sufficient range of 
experience, the truth of the theory ; it J6 accepted solely or 
mainly upoa authority ; there being no moans of oontradie- 
tioa, its reception is, in the first instance, attended with some 
degree of doubt, but as the time in which it can fairly be in- 
vestigated far exceeds that of 'any lives then in being, and as 
neither the individual nop the public mind will long tolerate 
a state of abeyance, a theory shortly becomes, for want 
of a better, admitted as an established truth : it is banded 
from father to son, and gradually takes its place in odii- 
cation. Succeeding generations, whose minds are tSius 
formed to an established view, are much less likely to aban- 
don it. They have adopted it in the first instance, upon au- 
thority, to them unquestionable, and subsequently to yield up 
their faith would involve a laborions remodelling of ideas, a 
task which the public as a body will and can rarely under- 
take, the frequent occurrence of which is indeed inconsistent 
with the very existence of man in a social state, as it would 
induce an anarchy of thought — a perpetuity of mental revo- 
lutions. 

This necessity lias its good ; hut the prejudicial efiect 
npon the advance of science is, that by this means, theories the 
most immature frequently become the most permanent ; for 
no theory can be more immature, none is likely to be so in- 
correct, as that which is formed at the first flush of a new 
discovery ; and though time exalts the authority of those 
from whom it emanated, time can never give to the illustri- 
ous dead the means of analysing and correcting 
»iowa which subsequent discoveries confer. 
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INTSODUOTOEY ItEMARKS. 11 

Tdke for instauce tiie Ptolemaic System, which we may 
almost liturally explain by the expression of Shakspeare ; 
' He that ia gi'ldy thinis the world turns round.' Wo now 
see the error of this system, because we have all an immedi- 
ate opportunity of refuting it ; but this identical error was 
received as a truth for centuries, because, when first promul- 
gated, the means of refuting it were not at hand, and when 
the means of its refutation became attainable, manldnd had 
been so educated to the supposed truth, tliat they rejected tha 
proof of ita fallacy. 

I have premised the above for two reasons ; first to obtain 
ft feir hearing, by requesting tw far as possible a dismissal 
from the mind of my readers of preconceived views by and in 
favour of which all are liable to be prejudiced ; and secondly, 
to defend myself from the charge of undervaluing authority, 
or treating lightly the opinions of those to whom and to 
whose memory mankind looks with revereace. Properly to 
value authority, we shovdd estimate it together with its means 
of information : if ' a dwarf on the shoulders of a giant can 
Bee fiirther than the giant,' he is no less a dwai-f in compari- 
son with the giant. 

The subject on which I am about to treat — viz., the rela- 
tion of the affections of matter to each other and to matter — 
peculiarly demands an unprejudiced regard. The diEfercnt 
aspects under which these agencies have been contemplated ; 
the difierent views which have been taken of matter itself ; 
the metaphysical subtleties to which these views unavoidably 
lead, if pursued beyond fair inductions fixim existing expo" 
rience, present diifieulties aJmost insurmountable. 

The oxtont of claim which my views on this subject may 
have to originality has been stated in the Preface ; they be- 
came strongly impressed upon my mind at a period when I 
was much engaged in esporimcntal research, and were, as I 
dien believed, and still believe, regarding them as a system, 
new; expressions in tlie works of different authors, bearing 
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12 COEBELATIOK OF 

more nr less on tlie subject, liave subsequently been puinted 
out to me, Boice of wliich go back to a distant period. An 
attempt to analyse these in detail, and to trace liow far 1 
have been anticipated by others, would probably but little 
interest the reader, and in the course of it I should constantly 
have to make distinctions showing wherein I differed, and 
wherein I agreed with others. I might cite authorities which 
appear to me to oppose, and others which appear to coincide 
with certain of the views I hare put forth ; hat this wotdd 
interrupt the consecutive deTelopement of my own ideas, and 
might render me Kable to the charge of misconstruing those of 
others ; I therefore think it better to avoid suet diaeiission in 
the text ; and in addition to the sketch given in the Preface, 
to flimisli in the notes at the conclusion such references 
to differeut authors as bear upon the subjects ti-eated of, 
which I have discovered, or which have been pointed oat to 
me since the delivery of the lectures of which this essay 
is a record. 

The more extended our research becomes, the more we 
find that knowledge is a thing of slow progression, that the 
very notions which appear to ourselves new, have arisen, 
though perhaps in a very indirect manner, from successive 
modifications of traditional opinions. Each word we utter, 
each thought we think, has in it the vestiges, is in itself the 
impress, of antecedent words and thoughts. As each ma- 
terial form, could we rightly read it, is a book, containing in 
itself the past history of the world ; so, diflerent though our 
philosophy may now appear to be from that of our progeni- 
tors, it is but theirs added to or subtracted from, transmitted 
drop by di-op through the filter of antecedent, as ours will be 
through that of subsequent, ages. — The relic is to tho past as 
is the germ to the future. 

Though many valuable facte, and correct deductions from 
them, are to be found scattered amongst the voluminous 
works of the ancient philosophers ; yet, giving them tho 
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IHTHODUOTOHY BEMAEKS. 13 

credit whicli tliey pre-eminently deserve for having devoted 
tlieir lives to purely intellectual pursuits, and for having 
thought, seldom frivolously, often profoundly, notluHg can he 
more clifB.eult than to seize and apprehend tliEt ideas of those 
who reasoned from abstraction to abstraction — ^who, aithougli, 
as wc now helieve, they must have depended upon observa- 
tion for their first inductions, afterwards raised upon them 
iiuch a complex superatructure of syllogistic deductions) that, 
withont following the same paths, and tracing the same sinn- 
oslties which led them to their eoneiuaions, such conclusions 
are to us unintelligible. To think as another thought, we 
must be placed in the same situation as he was placed ; the 
errors of commentators generally arise from their reasoning 
upon the arguments of their text, eitlier in blind obedience to 
its dicta, without considering the eireumstances under which 
they were uttered, or in viewing the images presented to the 
original writer from a different point to that from which he 
viewed them. Experimental philosophy keeps in check the 
errors both of a priori reasoning and of commentators, and, 
at all events, prevents their becoming cumulative ; though 
the theories or explanations of a fact be different, the fact 
remains the same. It is, moreover, itself the exponent of its 
discoverer's thought; the observation of known phenomena 
has led him to elicit from nature the new pTienomcna : and, 
though he may he wrong in his deductions from this after its 
discovery, the reasonings which conducted him to it are them 
selves valuable, and, having led from known to unknown 
truths, can seldom be uninstvuctive. 

Very different views existed amongst the ancients as to the 
fliTTiH to be pursued by physical investigation, and as to the objects 
likely to be attained by it. I do not here mean the moral ob- 
jects, such as the attainment of the summum, bomem, &c. 
— but the acquisitions in knowledge which such investiga- 
tions were likely to confer. Utility was one object in view, 
and this was to some extent attained by the progress made in 
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14 COUEELATION OF rUTSICAI. F0BCE8. 

ustrotomy and mechanics ; ArcMmedes, for instance, seems 
to have constantly had tliis end in view ; but, while pui'suing 
natural knowledge for the sake of knowledge and the power 
whichit brings with it, the greater numher seemed to eiil«r- 
tsiLo an expectation of amvlng at some ultimate goal, some 
point of knowledge, which would give them a mastery over 
the mysteries of nature, and wonld enable them to ascertain 
what was the most intimate structure of matter, and the 
causes of the changes it exhibits. Where they could not dia- 
cover, they speculated, Iieuoippus, Dem-oeritus, and otJiers, 
have given us their notions of the ultimate atoms of which 
matter was formed, and of the modus agendi of nature ia the 
various transforniations which matter u 

The expectation of arriving at ultimate ci 
continued long after the speculations of the ancients had been 
abandoned, and contjnues even to the present day to be a very 
general notion of the objects to be ultimately attained by 
physical science. Francis Bacon, the great remodeller of 
science, entertained this notion, and thought that, by experi- 
mentally testing natural phenomena, we should be enabled to 
trace them to certain primary essences or causes whence the 
various phenomena flow. Those he speaks of under the 
scholastic name of ' forms ' — a term derived from the ancient 
philosophy, but differently applied. He appears to have un- 
derstood by ' form. ' the essence of quality — that in which, ab- 
stracting everything extraneous, a given quality consists, or 
that which, superindnced on any body, would give it ita pe- 
culiar quality ; thus the form of transparency, is that 
which constitutes transparency, or that by which, when dis- 
covered, transparency could be produced or superinduced. 
To take a specifl-C example of what I may term the syn- 
thetic apphcation of his philosophy : — ' In gold there meet 
together yellowness, gravity, malleability, fixedness in the fire, 
a determinate way of solution, which are the simple natures 
in Rold ; for he who undei-stands form, and the manner ai 



Hosted .vGoogle 



IMTEODUCTCET HEMARKS, 15 

euperradueing tliis yellowaess, gravity, ductility, fixcduess, 
facidty of fasion, solntion, &e., with their particular degrees 
and proportions, will consider how to join them together in 
some body, 80 that a traaamTitatioa into gold shall follow.' 

On. the other hand, the analytic method, or, ' the enquiry 
from what origin gold or any other rcietal or stone is generat«d 
from its first fluid matter or rudiments, up to a perfect min- 
eral,' is to be perceived by what Bacon caDs the latent pro- 
cess, or a search for ' what in every generation or transfor- 
mation of bodies, flies ofi^, what remains beliind, what is add- 
ed, what separated, &o. ; also, in other alterations and mo- 
tions, what gives motion, what governs it, and the like.' 
Bacon appears to have thought that qualities spparate from 
the substances themselves were attainable, and if not ca,pablo 
of physical isolation, were at all events capable of physical 
transference and supcrinduction. 

Subsequently to Bacon a belief has generally existed, and 
now to a great extent exists, in what are called secondary 
causes, or consequential steps, wherein one phenomenon is 
supposed necessarily to hang on another, until at last we ar- 
rive at an essential cause, subject immediately to the First 
Cause. This notion is generally prevalent both on the Con- 
tinent and in this country ; nothing is more familiar than the 
expression ' study the effects in order to arrive at the causes.' 

Instead of regarding the proper object of physical science 
as a search after essential causes, I believe it ought to be, and 
must be, a search after facts and relations — that although the 
word Cause may be used in a secondary and concrete sense, 
as meaning antecedent forces, yet in an abstract sense it is to- 
tally inapplicable; we cannot predicate of any physical agency 
tliat it is abstractedly the cause of another ; and if, for tlie sate 
of convenience, the language of secondary causation be per- 
1, it shonld be only with reference to the special phe- 
, referred to, aa it can never be generalised. 

The misuse, or rather varied use, of the term Cause, has 
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bcea a source of great confiision in physical theories, and 
philosophers are even now by no means agre«d as to theii 
conception of causation. The most generally received view 
of causation, tliatof Hume, refers it to invariable antecedence 
— i, e,, we call that a cause which invariably precedes, that 
an effect which inTariahly succeeds. Many instances of in- 
variable sequence might however be selected, which do uot 
present the relation of eauee and effect ; thus as Eeed observes, 
and Brown does not satisfactorily answer, day invariably 
precedes night and yetdayisnotlhecauseof night, Theaeed, 
again, precedes the plant, but ia not the cause of it ; so that when 
we study physical phenomena it becomes difficult to separate the 
Idea of causation from, that offeree, and these have been regarded 
asidenticalbysome philosophers. To take an example winch 
will eontrasttbesetwo views; if a floodgate be raised, the water 
ttowa out ; in ordinary parlance, the water is said to flow he- 
cwase the floodgate is raised ; the sequence is invariable ; no 
floodgate, properly so called, caa be raised without the water 
flowing out, and yet in another, andperhapsmore strict, sense, 
it isthe gravitation of the water which cawses it to flow. But 
though wo may traly say tiiat, in this instance, gravitation 
causes the water to flow, we cannot in truth abstract the pro- 
position, .and say, generally, that gravitation is the cause of 
water flowing, as water may flow from other causes, gaseous 
elasticity, for instance, which will canse water to flow from a 
receiver full of air into one that is exhausted ; gravitation may 
also, under certain circamstances, arrest instead of cause the 
flow of water. 

Upon neither view, however, can we get at anything like 
abstract causation. If we regard causation as invariable se- 
quence, ws can find no case in which a given antecedent is 
the only antecedent to a given sequent : thus if water could 
flow from no other cause Uian the withdrawal of a floodgate, 
we might say abstractedly that this was the cause of water 
flowing. If, again, adopting the view which looks to causa- 
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tion as a force, we could say that water could be caused fa 
flow only by gravitalion, Tve miglit aay abstractedly tliat grav- 
itation was tlie cause of water flowing — bat this we cannot 
say ; and if we seek and exajnino any other example, we 
shaU find that canaation is only prcdicable of it in tlie partic- 
ular case, and cannot be supported as an abstract proposidon ; 
yet this is constantly attempted. Nevertheless, in each far- 
ticidar case where we speak of Cause, wo hahitually refer to 
some antecedent power or force : we never see motion or any 
change in matter take effect without regarding it as produced 
by some previous change ; and when we cannot trace it to its 
antecedent, we mentally refer it to one ; but whether this hab- 
it be philosophically correct is by no moans clear. In other 
words, it eeems questionable, not only whether cause and ef- 
fect are convertible terms with antecedence and sequence, but 
whether in fact cause does precede effect, whether force does 
precede the change in matter of whicli it is said to be the 
cause. 

The actual priority of cause to effect has been doubted, 
and their simultaneity argaed with much ability. As an in- 
stance of this argument it may be said, the attraction which 
causes iron to approach the magnet is simultaneous with and 
ever aeeonipanies the moTement of the iron ; the movement 
is evidence of the co-existing cause or foroe, but there is no 
evidence of any interval in time between the one and the oth- 
er. On this view time would cease to be a necessary element 
in causation ; the idea of cause, except perhaps as referred to 
a primeval creation, would cease to exist ; and the same ar- 
guments which apply to the simultaneity of cause with effect 
would apply to the simultaneity of Force with Motion. We 
could not, however, even if we adopted this view, dispense 
with the element of timo in the sequence of phenomena ; the 
effect being thus regarded as ever accom.pauied simultaneous- 
ly by ita appropriate cause, we should stiU refer it to some an- 
tecedent effect; and our reasoning as applied to the succes- 
sive production of all natural changes would be the same. 
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Habit and the identification of thooghta with, phenomena 
BO compel the nso of recognised terms, that we cannot avoid 
using the word cause even in the sense to which ohjeetion ia 
taken ; and if we struck it out of our vocabulary, our lan- 
guage, in speaking of successive changes, wonld te unintelli- 
gible to the present generation. The common error, if I ain 
right in supposing it to be such, consists in the abstraction of 
cause, aad in supposing in each case a general secondary 
cause — a something whicli is not the first cause, but which, ii 
we esanaiuo it carefully, must have all the attributes of a first 
cause, and an existence independent of, and dominant over, 
matter. 

The relations of electricity and magnetism afford us a 
very instructive example of the belief in secondary causa- 
tion. Subsequent to the discovery by Oersted of electro-mag- 
netism, and prior to that by Faraday of magneto-electricity, 
electricity and magnetism were believed by the higbeat author- 
itiei to st.iind in the relation of cause and effect — I. c, elec- 
tricity was regarded as the cause, and magnetism as the effect ; 
and where magnets existed without any apparent electrical 
current'' to cause their magnetism, hypothetical currents 
weie supposed, for tbc purpose of carrying out the caus- 
ative view , but magnetism may now be said wilb equal 
truth to be the cause of electricity, and electrical currents 
may be referred to hypothetical magnetic lines : if therefore 
electricity cause magnetism, and magnetism cause electricity, 
why tlien electricity causes electricity, which becomes, so to 
speak, a reduetio ad dbswrdAmi of the doctrine. 

To take another instance, which may render these posi 
tions more intelligible. By heating bars of bismuth and anti- 
mony in contaetj a current of electricity is produced ; and if 
tbeir extremities be united by a fine wire, the wire is heated. 
Now here the electricity in the metals is said to be caused 
by beat, and the heat in the wire to be caused by electricity, 
imd in a concrete sense this is true ; but can we thence say 



Hosted .vGoogle 



IBTKODUCTOKT EEMAEK8. 19 



ftbstractcflly that heat is the cause of electricity, vr that elec- 
tricity is the cauBo of heat? Certainly not ; for if cither be 
true, buth mutt he ao, and the effect then becomes the cause 
of tlio cause, or, in other words, a thing causes itself. Any 
other proposition on this subject ■will bo found to involve fcim- 
ilar difficulties, until, at length, the naind will become coit- 
vincedthat abstract secondaiy causation does not exist, and 
that a search after essential causes is vain. 

The position which I seek to establish in this Essay is, 
that tlie varloTis afifed:ions of raatter ■which conatitate the 
main, objects of experimental physics, viz., heat, light, elec- 
tricity, magnetism, chemical affinity, and motion, are all cor- 
relative, or have a reciprocal dependence ; that neither, taken 
abstractedly, can be said to be the essential cause of the oth- 
ers, but that either may produce or be convertible into, any 
of the others : thusheat may mediately or immediatelyproduce 
electricity, electricity may produce heat'; and so of the rest, 
each merging itself as the force it produces becomes devel- 
oped; and that the same must hold good of other forces, it be- 
ing an irresistible inference from observed phenomena that a 
force cannot originate otherwise than by devolution from, some 
pre-exialing force or forces. 

The term force, although used in very different senses by 
diiferent authors, in its limited sense may be defined as that 
which produces or resists motion. Although strongly inclined to 
believe that the other affections of matter, which I have abovi, 
named, are, and ■will ultimately he resolved into, modes of 
motion, many arguments for which ■will be given in subse- 
quent parts of this Essay, it ■wonld be going too far, at pre- 
sent, to assume their identity ■withit; I therefore use the term 
force in reference to them, as meaning that active principle 
inseparable from matter which is supposed to induce its vari- 
ous changes. 

The wotA force and the idea it aims at expressing might 
be objected to by the purely physical philosopher on similar 
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grounds to those wMcIi apply to tlie word caase, as it repre- 
sents a BuHle mental conception, and not a sensuous percep- 
tion or plicnomenon. The objection would take something 
of this form. If the string of a hent bow be out, the bow 
will straighten itself; wo thence say there is an clastic force 
in the bow which straightens it ; but if we applied our expres- 
bIohs to this espcriment alone, the use of the term force 
would be superfluous, and would not add to our knowledge 
on the subject. All the informalion which our minds could 
get would be as sufficiently obtained fix>m the expression, 
when the string is cat, the bow becomes straight, as &orathe 
expression, the bow becomes straight by its elastic force. 
Do we know more of the phenomena, viewed wiftout refer- 
ence to other phenomena, by saying it is produced by force? 
Certainly not. All we know or see is the cfFcct; we do not 
see force — we see motion or moving matter. 

If now we take a piece of caoutchouc and stretch it, when 
released it returns to its original length. Here, though the 
subject-matter is very different, wo see some analogy in tlie 
effect or phenomenon to that of the strung bow. If again 
we suspend an apple by a string, cnt tlie string, the apple falls. 
Here, though it is less strildng, there is still an analogy to 
the strung bow and the caoutchone. 

Now when the word force is employed aa comprehending 
tliese three different phenomena we find some use in the term, 
not by its explaining or rendering more intclli^ble the in.odu» 
agmdi of matter, but as conveying to the mind something 
which is alike in the three phenomena, howcTer distinct they 
may he in other respects : the word becomes an abstract oi 
generalised expression, and regarded in this light is of high 
utility. Although I Lave given only three examples, it is 
obvious that the term would equally apply to 300 or 3,000 ex- 
amples. 

But it will be said, the term force is used not as express- 
ing the effect, but as that which produces the effect. This is 
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true, and in this its ordinary sense I shoE use It in tliase pugds. 
But though the term has a potential meanmg, to depart from 
which ■would render language lanintelligihle, we must guard 
against supposing tliat we know essentially more of the phe 
nonieaa hy saying they are produced by something, which 
sometiiing is only a word derived from tKe eonstancy and 
eimilarity of the phenomena we seek to explain by it. Tlic 
relations of the phenomena to whieh the t«rms force or forces 
are applied give ua real knowledge ; these relations may be 
called relations of forces ; our knowledge of tliera ia not there- 
by lessened, and the convenience of cxpresaion ia greSitiy in 
creased, but the separate phenomena arc not more intimately 
known; no further insight into why the apple falls is acquired 
by saying it is forced to fall, or it falls by the force of gravita 
tion ; by the latter expression wo are enabled to relate it 
most usefully to other phenomena, but we still know no more 
of the particular phenomenon than that under certain circum- 
stances the apple does fall. 

In the above iUustrations, force has been treated as the 
producer of m.otion, in which case the evidence of the force ia 
the motion produced ; thus we estimate the force used to pro- 
ject a cannon ball in terms of the mass of matter, and the 
velocity with which it is projected. The evidence of force 
when the term is applied to resistance to motion is of a some- 
what different character ; the matter resisting is molecularly 
affected, and has its atracture more or less changed ; thus a 
strip of caoutchouc to which a weight is suspended is elonga- 
ted, and its molecnlea are displaced as compared with their 
position when unaffected by the gravitating force. So a piece 
of glass bent by an appended weight has ifa whole structure 
changed ; this internal change is made evident by transmits 
tmg through it a beam of polarised light : a relation thus 
becomes established between the molecular state of bodies 
and the external forces or motion of masses. Every particle 
of the caoutchouc or glass must be acting and conti-ibuting to 
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resist or airoat the motioa of the mass of matter ajipcnded 
to it. 

It is difficult, in such cases, not to recognise a reality in 
foroe. We need some word to express this state of tension ; 
we know tliat it produces an effect, though the effect be ncgar 
live in character : although in this effort of inanimate matter 
we can no more trace the mode of action to its ultimate ete- 
menla than wo caa follow out the connection of our own 
muscles with the volition which calls them into action, we 
arc experimentally eoavinced that matter changes its state 
by the agency of other matter, and this agency wc call 

la placing the weigJit on the glass, we have moved the 
former to an. extent equivalent to that which it would again 
describe if the resistance were reraoved, and this motion of 
tlie mass lieeomes an exponent or measure of the force exert- 
ed on the glass ; while this is in the state of tension, the 
force is ever existing, capable of reproducing the original 
motion, and while in a state of abeyance as to actual motion, 
it is really acting on the glass. The motion is suspoudcd, 
but the force is not annihilated. 

But it may be objected, if tension or static force be tints 
motion in abeyance, there is at all times a large amount of 
dynamical action subtracted irom the universe. Every stone 
upon a hill, every spring that is bent, and has required force 
to upraise or bend it, has for a time, and possibly for ever, 
withdrawn this force, and annihilated it. Not so ; what 
takes place when we raise a weight and leave it at the jHjint 
lo which it has been elevated? we have changed the centra 
of gravity of the earth, and consequently the earth's position 
with reference to tiie sun, planets, and stars ; the effort we 
nave made pervades and shakes the universe ; nor can we 
present to the mind any exercise of force, which is thus not 
permanent in its dynamical effects. If, instead of one weight 
being raised, we raise two 'iveighte, each placed at a poin! 
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diametrically opposite the other, it would bo said, Lei-e you 
have compeneation, a balance, no change in tlie centre of 
gravity of the earth ; biit we have increased the mean diame- 
ler of the eartfc, and a perturbation of our planet, and of all 
otlier celestial bodies necessarily ensues. 

The force may bo said to be in abeyance with reference 
to the effect it would have produced, if not arrested, or 
placed in. a state of tension ; but in the act of imposing this 
state, the relations of equilibrium with otber bodies have 
been chaaged, and these move in thoir turn, so that motion 
of the same amount would seem to be ever affecting matter 
conceived in its totality. 

Press the hands violently together ; the first notion may 
be that this is power locked up, and that no change ensues. 
Not so ; the blood courses more quickly, respiration is accele- 
rated, changes which wo may not be able to trace, take place 
in the muscles and nerves, transpiration is inereased ; we 
have given off force in various ways, and must, if the effort 
be prolonged, replenish our sources of power, byfresh chemi- 
cal action in the stomach. 

In books which treat of statics and dynamics, it is com- 
mon and perhaps necessary to isolate the subjects of consid- 
eration ; to suppose, for instance, two bodies gravitating, and 
to ignore the rest of the universe. But no such isolation ex- 
ists in reality, nor couJd we predict the result if it did exist. 
Would two bodies gravitate towards each other in empty 
space, if space can be empty ? the notion that they would is 
founded on the theory of attraction, which Newton himself 
repudiated, further than as a convenient means of regard 
ing the subject. For purposes of instruction or argnment it 
may be convenient to assume isolated matter : many con- 
clusions so arrived at may be true, but many will be 



If, in producing eEFects of tension or of static force, tlie 
effort made pervades the universe, it may be said, when the 
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bciit spring ia freed, when the raised weight falls, a & 
series of motions must be effected, and this theory would lead 
to a mere reciprocation, which would be equally unproduc- 
tive of permanent change with the annihilation of force. If 
raising fho weight has changed the centre of gravity of the 
earth, and thence of the universe, the fall of the weight, it 
will be said, restores the original centre of gravity, and every- 
thing comas baet to its original status. In this argument we 
again, in thought, isolate our experiment; wo neglect sax^ 
rounding circumstances. Between the time of the raising 
and falling of the weight, be the interval never so small, 
cay, more, during the rising and during the fall, the earth 
has been going on revolving round its axis and round the 
sun, to say nothing of other changes, such as temperature, 
cosmical magnetism, &c., which we may cah. accidental, but 
which, if we knew all, would probably be found to bo as 
uecessary and as reducible to law as the motion of the earth. 
A change having taken place, the fall of the weight does 
not bring back the sfatm quo, hut other (dianges supervene, 
and so on. Nothing repeats itself, because nothing can 
be plsiced again in the eame condition : the past is irre- 
vocable. 
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II.— MOTION. 

MOTION — which Iiaa been taken as tlio mala exponent 
of force in die above examples — is the moat obviousj 
the most distinctly conceived of all tlie affections of matter. 
Visible motion, or relative change of posifioo in space, is a 
phenomenon so obvious to simple apprehension, that to at- 
tempt to define it would be to reader it more obscure ; but 
with motion, as with all physical appearances, there are cer- 
tain vanishing gradations or undcflued limits, at which the 
obvious mode of action fades away ; to detect the conlinu- 
iiig existence of the phenomena we are obliged to have re- 
course to other than ordinary methods of investigation, and 
we frequently apply otlier and different names to the effects 



Thus sound is motion ; and although in the earlier pe- 
riods of philosophy the identity of eonnd and motion was not 
traced out, and they were considered distinct affections of 
matter — indeed, at the dose of the last century a theory was 
ndvanced that sound was transmitted by the vibrations of an 
other — we now so readily resolve sound into motion, that to 
those who are familiar with acoustics, the phenomena of 
floimd immediately present to the mind the idea of motion, 
i. e, motion of ordinary matter. 

Again, with regard to light : no doubt now exists that 
light moves or is accompanied by motion. Here the phe- 
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a of motion are not made evident by the ordinary son- 
SU0TJ8 perception, as for instance the motion of a visibly mov- 
ing projectile would be, but by an inverse deduction from 
known relations of taotion to time and space : as all observa- 
tion teaches us that bodies in moving from one point in space 
to another occupy time, we conclude that, wherever a con- 
tinuing phenomenon is rendered evident in two different 
points of space at different times, there is motion, though we 
cannot see the progression. A similar deduction convinces 
us of the motion of electricity. 

As we in common parlance speak of sound moving, 
although sound is motion, it requires no great stretch of 
imagination to conceive light and eleftricily as niotions, and 
not as things moving. If one end of a long b:ir of metal be 
struck, a sound ie soon perceptible at tlie ofher end. This 
we now know to be a vibration of the bar ; sound is but a word 
expressive of the mode of motion impressed on the bar ; so 
one end of a column of air or glasa subjected to a luminous im- 
pulse gives a perceptible effect of light at the other end : this 
can equally be conceived to be a vibration or transmitted 
:notion of particles in the transparent column : this question 
will, however, be further discussed hereafter ; for the present 
we will confine oiu'selves to motion within the limits to which 
the term is ufually restricted. 

With the perceptible phenomena of motion the mental 
coueeption has been invariably associated Ifl wHch I have 
before alluded, and to which the term force is given — 
the which conception, when we analyse it, refers us to 
some antecedent motion. If we except the production of 
motion by heat, light, &c., wiuch will be considered in the 
sequel, ishen we lee a body moving we look to motion hav- 
ing been communicated to it by matter which has ^ireviously 
moved. 

Of absolute rest Nature gives us no evidence ; all matter, 
as far as we can ascertain, is ever in movement, not merely 
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ill masses, as witii tiao planetary spheres, but also mole- 
cularly, or throughout its most intimate structure : thus every 
alteratioa of temperature produces a molecular change 
throughout the whole suhstance heated or cooled ; alow 
chemical or electrical actions, actions of light or invisible 
radiant forces, are always at play, ao that as a fact we can- 
not predicate of any portion of matter that it is absolutely at 
rest. Supposing, however, that motion is not an indispensa- 
ble function of matter, but that matter can be at rest, matter 
at rest would never of itself cease to be at rest ; it would not 
move unless impelled to such motion by some other moving 
body, or body which has moved. This proposition appliea 
not merely to impulsive motioa, as when a ball at rest is 
struck by a moving body, or pressed by a spring which has 
previously been moved, but to motion caused by attractions 
such as magnetism or gravitation. Suppose a piece of iron 
at rest ia contact with a magnet at rest ; if it bo desired to 
move the iron by the attraction of the magnet, the magnet or 
the iron must first be moved ; so before a body falls it must 
first Ije raised. A body at rest would therefore continue so 
for ever, and a body once in motion would continue so for 
ever, in the same direction and with the same velocity, un- 
less impeded by some other body, or affected by some other 
force than that which originally impelled it. These propo- 
sitions may seem somewhat arbitrary, and it haa been doubted 
whether they are necessary truths ; they have for a long time 
been received as axioms, and there can at all events be no 
harm ia accepting them as postulates. II is however very 
generaUy believed that if the visible or palpable motion of 
one body be arrested by impact on another body, the mo- 
tion ceases, and the force which produced it is annihi- 
lated. 

Kow the view which I venture to submit ia, that force 
cannot be annihilated, but h, merely subdivided or altered in 
direction or character. First, as to direction. Wave your 
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haaci : tte motion; whict has apparently ceased, ia toten up 
hy ihe air, from the air by the walls of the room, &c., and 
so by direct and reacting waves, continually eomminutcd, but 
never destroyed. It is true that, at a certain point, wo lose 
all means of detecting the motion, from, its minute eubdivi- 
sjon, which defies our most delicate means of appreciation, 
but we can indefinitely extend our power of detecting it ae- 
cording aa we conflne its direction, or increase the delicacy 
of our examination. Thus, if the hand he moved ia uncon- 
fincd air, the motion of the air would not he sensible to a per- 
son at a few feet dista,nce ; but if a piston of the same extent 
of surface aa the hand be moved with the same rapidity in a 
tube, the blast of air may be distinctly felt at several yards 
distance. There ia no greater absolute amount of motion in 
tlie air iu the second than in the first case, but its direction 
is restrained, so to make the means of detection more facile. 
Ey carrying on this restraint, as in the air-gun, wo get a 
power of detecting the motion, and of moving other bodies at 
far greater distances. The puff of air which would in the 
air-gun project a bullet a quarter of a mile, if allowed to es- 
cape without its direction being restrained, as by the bursting 
of a bladder, would not be perceptible at a yard distance, 
though the same absolute amount of motion be impressed on 
the aurrounding air. 

It may, however, he asted, what becomes of force when 
motion is arrested or impeded by the counter-motion of another 
body? This is generally believed to produce rest, or entire 
destruction of motion, and consequent annihilation of fnice 
BO indeed it may, as regards the motion of the maises, but a 
new force, or new chai'acter of force, now ensues, the e"^po- 
nent of which, instead of visible motion, ia heat I venture 
(o regard the heat which results from friction or percussion 
as a continuation of the force which was proMou=lv is'ioi.ia^ 
ted with the moving body, and which, when thi-i nmpmges on 
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another body, ceasing to exist as gross, palpable motion, con 
tinues to exist as heat. 

Thus, let two bodies, A and B, bo supposed to move in 
opposite direcfiona (putting for the moment out of question 
all resistance, such as that of the air, &c.), if they pass each 
other without contact each will naove on for ever in its r^ 
apective direction with tlie aame velocity, but if they touch 
eacli other the velocity of the movement of each is reduced, 
and each becomes heated : if this contact be alight, or such as 
to occasion but a slight diminution of their velocity, as when 
the aurfaees of the bodies are oiled, then the heat is slight ; 
but if the contact be euch as to occasion a great diminution 
of motion, as in percussion, or as when the surfaces are 
roughened, then the heat is great, so that in all cases the re- 
sulting heat is proportionate to the diminished velocity. 
"Where, instead of resisting and eonsectnently impeding the 
motion of the body A, the body B gives way, or itself takes 
up the motion originally communicated to A, tlion we have 
less heat in proportion to the motion of the body B, for here 
the operation of the force continues in the form of palpable 
motion ; thus the heat resulting fi-om friction in the axle of a 
wheel is lessened by surrounding it by rollers ; these take up 
the primary motion of the axle, and the leas, by this means, 
the initial motion is; impeded, the less is the resulting heat. 
Again, if a body move in a fluid, although some heat is pro- 
duced, the heat is apparently trilling, because tie paj^cles of 
the fluid themselves move, and continue the motion originally 
communicated to the moving body : for every portion of mo- 
tion communicated to them this loses an equivalent, and 
where both lose, then an equivalent of heat results. 

As the converse of this proposition, it should follow that 
the more rigid the bodies impinging on each other the greater 
should be the amount of beat developed by friction, and so 
we find it. Flint, steel, hard stones, glass, and metals, ore 
tlioae bodies which give tlie greatest araoirat of heat from 
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friction or percussion ; while water, oil, &c., give little or ne 
heat, and from tho ready mobility of tlicir particles lessen its 
developement when interposed between rigid moving bodies. 
Thus, if we oil the axles of wheels, we have more rapid mo- 
tion of the bodies themselves, hut less heat ; if we increase 
tho resistance to motion, as by roughening the points of con- 
tact, so tliat each particle strikea against and impedes the 
motion of others, then we have diminished motion, but in- 
creased heat ; or if the bodies be smooth, but instead of slid- 
ing past each other be pressed closely together and then 
rubbed, we shall in many cases evolve more heat than by the 
roughened bodies, as we get a greater number of particles in 
contact and a greater resiatanco to the initial motion. I can- 
not present to my mind any case of heat resulting from fric- 
tion which is not explicable by this view : friction, according 
to it, is simply impeded motion. The greater the impedi- 
ment, the more force is required to overcome it, and the 
greater is the resulting heat ; this resulting heat being a con- 
tinuation of indestructible force, capable, as we shall pres- 
ently see, of reproducing palpable motion, or motion of defi- 
nite ma^es. 

Whatever be (he nature of the bodies, rough or smooth, 
solid or liquid, provided there be the same initial force, and 
tho whole motion bo uHimatcly arrested, there shotdd he the 
same amount of heat developed, though where the motion is 
carried on through a great number of points of matter we do 
not so sensibly perceive the resulting heat from its greater 
dissipation. The friction of fluids produces heat, an effect 
first noticed I believe by Mayer. The total heat produced by 
the Motion of fluids should, therefore, it will be said, be 
equal to that produced by the friction of solids ; for although 
each particle produces little heat, the motion being readily 
taken np by the neighbouring particles, yet by the time the 
whole mass has attained a state of rest there haa been the 
same impeding of the initial motion as by the friction of soi- 
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Ids if produced hf tlie same initial force. If the lieat be 
viewed in the aggregate, and allowance bo made for the spe 
ciflc thermal capacitsr of the anhstancea employed, it probably 
ia the same, though apparently lesa ; the heat in the case of 
solids being manifested at certain defined points, while in 
that of fluids it is dissipated, both the time and space duricg 
and through which the motion is propagated differ in the two 
cases, so tliat Ihe heat in the latter case is more readily car- 
ried off by snrrounding bodies. 

If the body be elastic, and by its reaction the motion im- 
pressed on it by the initial force he continued, then the heat 
is proportionately less ; and were a substance perfectly elas- 
tic, and no resistance opposed to it hy the air or other mat- 
ter, then the movement once impressed would ho perpetual, 
and no heal would result. A ball of caoutchouc bandied 
about for many minutes between a racket and a wall ia not 
perceptibly heated, while a leaden buUet projected by a guu 
against a wall is rendered so hot as to he intolerable to the 
touch : in the former case, the motion of the mass is contin- 
ued by the reaction due to ita elasticity ; in the latter, the 
motion of the mass is extinguished, and heat ensues. 

A pendulum started in the exhausted recoivor of an air- 
pump continues its oscillation for hours or even days ; the 
friction at its point of suspension and the resistance of ihe 
air is minimised, and the heat is imperceptible, hut these tri- 
fling resistances in the end arrest the motion of the mass, the 
one giving it out as heat, the other conveying the force to the 
receiver, and thence to surrounding bodies. Similar reason- 
ing may he applied to the oscillation of a coUed spring and 
halaaeo wheel. 

To wind up a clock a certain amount of force is expended 
by the arm ; this force is given back hy the descent of the 
weight, the wheels move, tlie pendulum is kept oscillating, 
heat is generated at each point of fiiction, and the eurrouud- 
ing air ia aet in motion, a part of which ia made obvious Ip 
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US by the ticking sound. But it will bo said, if iosteail of 
allowing tte weight to att npon Ihe machinery, the eord by 
which it is suspended be cut, the weight drops and the force 
is at an end. By no mcan^, for in this case the house ia 
shaken by the concussion, and thus the force and motion are 
continued, while in the former case the weight roaches the 
ground quietly, and no evidence of f m. ma 

fesfed by its impact, the whole havin b p usly dia 

If the initial motion, instead of b m a ested by th m 
pact of other bodies, aa in friction op is a imp d d 
by confliiGment or compression, as wh fh lil tat n fa 
gfts is prevented by mechanical means h at q lly 1 
thua if a piston is used to compress a aid 11 

compressed air and, from it, the si 1 f h 1 w li 1 

Ueated ; the air being unable to tak p d y 1 

original motion communicates molec 1 p 

lo all bodies ia contact with it ; and, conversely, if we ei 
pand air by mechanical mution, as by withdrawing the pis- 
ton, cold is produced. So when a solid has its particles coin- 
pressed or brought nearer together, as when a bar of iron is 
hammered, heat is produced beyond that which is due to per- 
cuasioQ alone. In this latter case we cannot very easily ef- 
fect the converse result, or produce cold by the -mechanical 
dilatation of a solid, though the phenomena of solution, 
where the p^'ticles of a solid are detached from each other, 
or drav^n more widely asunder, give us an approximation to 
it : in the case of solution cold is produced. 

We are from a very extensive range of observation and 
experiment entitled to conclude that, with some curious ex- 
ceptions to be presently noticed, whenever a body is com- 
pressed or brought into smaller dimensions it is heated, i. e. 
it expands neighbouring substances. Whenever it is dilated 
or increased in volume it is cooled, or contracts neighbouring! 
substances. 
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Mr. Joule lias ma3e a great number of experimeiita for 
the purpose of ascertaining wliat quantity of heat ia produced 
by a ^vea mechanical action. His mode of esperimenting 
is as follows. An apparatus formed of floats or paddles of 
braes or iron is made to rotate in a bath of water or mercu- 
ry. The power which gives rise to this rotation ia a weight 
raised like a clock-weight to a certain height ; this by acting 
diiidng its fall on a spindle and pulley communicates motion 
to the paddle-wheel, the water or mercury serving as a fric- 
tion mediimi and calorimeter ; and the heat is measured by a 
delicate mercurial thermometer. The results of his experi- 
ments he considers prove that a fall of 772 Ihs. through a 
space of one foot is able to raise the temperature of one 
pound of water through one degree of Fahrenheit's thermom- 
eter, Mr. Joule's experiments are of extreme delicacy — iio 
tabulates to the thousandth part of a degree of Fahrenheit, 
and a large number of his thermometric data are compre- 
hended within the limits of a single degree. Other experi- 
menters have given very different numerical results, but the 
general opinion seems to be that the numbers given by Mr. 
Joule are the nearest approximation to the truth yet obtained. 

Hitherto I have taken no distinction as to the physical 
character of the bodies impinging on each other ; but Nature 
gives us a renmrkable difference in the charaoter or mode of 
the force eliminated by friction, accordingly as the bodies 
which impinge are homogeneous or heterogeneous : if the 
former, heat alone is produced ; if the latter, electricity. 

We find, indeed, instances given by authors, of electricity 
resulting from the friction of homogeneous bodies ; but, as I 
stated in my original Lectures, I have not found such facta 
confirmed by my own experiments, and this conclusion has 
been corroborated by some experiments of Pi-ofessor Erman, 
communicated to the meeting of the British Asaocialion iu 
die year 1845, in which he found that no electricity residted 
from the friction of perfectly h 
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fpr iostitace, the eads of a broken bar. Such experimeati aa 
these will, indeeil, be seldom free from slight electrical cur- 
rents, on account of tic practical difficulty of fulfilling tha 
condition of perfect homogeneity in the subataacos themselvea, 
their size, their temperature, &c. ; but the effects produced 
are very trifling and vary ia direction, aad the resultant eflcct 
is nought. Indeed, it would be difficult to conceive the con- 
trary. How could we possibly image to the mmd or de- 
ficribe the direction of a current from the same body to the 
same body, or give instructions for a repetition of the exper- 
iment? It would he unintelligible to say that in rubbing to 
and fro two pieces of bismuth, iron, or glass, a current of 
eleotrieity circulated from bismuth to bismuth, or from iron 
to iron, or from glass to glass ; for the question immediately 
occurs — from which bismuth to which does it circulate ? 
And should this question bo answered by calling one piece 
A, and the other B, this would only apply to the particular 
specimens employed, the distinctive appeUafion denotmg a 
distinction in fa«t, as otherwise A could be substituted for E, 
and the bar to which the positive electricity flowed would in 
turn hecome the bar to which the negative electricity flowed. 
We may say that It circulates from rough glass to smooth, 
from cast iron to wrought, for here there is not homogeneity. 
It is moreover conceivable, that when the motion is contin- 
uous in a definite direction, electricity may result from the 
friction of homogeneous bodies. If A and B rub against 
each other, revolving in opposite directions, concentric cur- 
rents of positive aad negative electricity may be conceived 
circulating within the metals, and be described by reference 
to the direction of their motion ; this indeed would be a dif- 
fei-oat phenomenon from those we have been considering; bill 
without some distinction between the two snbstaneea in qual- 
ity or direction, the electrical efTects are indescribable, if not 
Inconceivable, 

When, however, homogeneous bodies are G'actured oi 
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avan rublicd togetlier, jiliKnonioiia aro obaerved lo ^vliit'li the 
term electricity is applied ; a flaili or Kne of liglit appeura al 
the point of friction wliich by some is caEed electrical, Ijy 
others phosphorescent. 

I have myself obseri'ed a remarkable ca^e of the kind in 
tho eaont<?Iiouc fabric now commonly used for waterproof 
clothing; if two folds of this substance be allowed to cohere 
80 aa partly to uiiit« aad present a difficulty of separation, 
then, on stripping the one from the other, or fearing them 
asunder, a Hne of Ught \vill follow the line of separation. 

If this class of phenomena be electrical, it is electricity 
determined as it is generated ; there is no dual character im- 
pressed on the jiifttter acting, the flash is electrical as a spark 
from the percussion of flint is electrical, or as the slow com- 
bustion of phosphorus, or any other case of the dovolopment 
of heat and light. It seems to bo better to class this phe- 
noaieaon under the categories of heat and light than nnder 
that of electricity, the latter word being retained for those 
caeca where a dual or polar character of force is manifested. 
In experiments which have been made by the friction of sim- 
ilar substances where the one appears positively and the 
rther negatively electrical, there will be found some differ- 
ence in the mode of rubbing by which tho molecular state of 
flie bodies is in all probability changed, making one a dissim- 
ilar substance fiT>m the other ; thus it is said hy Bergmann, 
that when two pieces of glass are rubbed so that all the parts 
of one pass over one part of the oth th f m is p 't' e 
and tlio latter negative. It is obv th t this the 

rubbing in one is confined to a line dthtm tl m e 
altered in molecular efcrncture at th li f f t th the 
one where the friction is spread o th wh 1 f o 

if a ribbon be drawn transversely th bb the 

Bubstances aro not, gwa the rubl t 1 ti 1 o 

bgain, in tlie rapture of crystals, 1 li w th b- 

stances having a polai- arrangement f p ri 1 s — th nrf e» 
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of the fragments cannot be assumed to bo iiiolci!u]a.rly identi- 
cal. 

The developemeiit of electricity by the common electrical 
machine arises, as far as I can understand it, fttim the sepa* 
ration or rupture of contiguity between dissimilar bodies ; a 
metallic surface, the amalgam of tlie cushion, is in contact 
with glass ; these two bodies act opon each other by tie force 
of cohesion ; and ■when, by an external meclianical force, 
this is ruptured, as it is at eaeli moment of the motion of the 
gla^s plate or cylinder, electricity is developed in eicb were 
they similar bodies, heat only would be develoj ed 

According to the experimente of Mr Sullivan electiic ty 
may be produced by vibration alone if the s balance yiI la 
ting be composed either of dissimilar metaJs ts a wire partly 
of iron and partly of brass caused to emit a musical sound 
or of the same raetal, if ita parts be not hon ogeneous aa a 
piece of iron, one portion of which s h rl nd lyst Uihcd 
and the other soft and fibrous ; the cun nt res It n^, appeaia 
to be due to the vibration, and not to 1 at cng nlercd as t 
ceases immediately with the vibration 

We may say, then, that in our present state of knowledge, 
where the mutually impin^ng bodies are homogeneous, heat 
and not electricity is the result of friction and percussion ; 
where the bodies impinging are heterogeneous, we may safely 
state that electricity is always produced by friction or percus- 
sion, although heat in a greater or less degree accompanies 
it ; but when we come to the question of ratio in wHch fic- 
tional electricity is produced, as determined by the different 
characters of the substances employed, we find very complex 
reiults. Bodies may differ In so many particulars which in- 
fluence more or less the developement of electricity, such as 
their chemical constitution, the state of their surfaces, their 
state of aggregation, their transparency or opacity, their 
power of conducting electricity, &c., that the nornuB of their 
action arc very difflcnlt of attainment. As a general mle, il 
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ma/ be said tliat t!ie dev elopement of electricity is greater 
whoa the sulistancca employed are broatlly ilisfinot in their 
physical and chemical qualities, and more particularly in their 
conducting powers ; but up to the present time the laws gov- 
erning Buch developement have not been even approximately 
determined. 

I have said, in referenc« to the variona forces o 
of matter, that either of them may, mediately or m 
produce the ofliers j and this is all I can venture to predicate 
of Ihem in the present state of science ; but after much con- 
sideration I incline strongly to ilie opinion that science is rap- 
idly progressing towards the establishment of immediate or 
direct relations between aU these forces. "Where at present 
no immediate relaiion is established between any of them, 
electricity generally forms the intervening link or middle 

Motion, then, will directly prodnco heat and electrieky, 
aad electricity, being produced by it, will produce magnetism 
— a force which is always developed by electrical currents at 
right angles to the direction of those currents, as will be sub- 
sequently more ftdly explained. Light also is readily pro- 
duced by motion, either directly, as when accompanying the 
heat of friction, or mediately, by electricity resulting from 
motion ; as in the electrical spark, which has moat of the at- 
tributes of solar light, differing from it only in those respects 
in which light differa when emanating from different sources 
or seen through different media ; for instance, in the position 
of the fixed lines in the spectrum or in the ratios of the spaces 
occupied by rays of different refrangibility. In the decom- 
positions and composiliona which the terminal points proceed- 
ing from the eonductora of an electrical machine develope 
when immersed in different chemical media, we get die pro- 
duction of ahemical affinity by electricity, of which motion is 
the initial source. Lastly, motion may be again reproduced 
by the forces which have emanated from motion ; thna, the 
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(livergeace of the electrometer, the revolution of tlie electri- 
cal wheel, the deflection of the magnetic needle, are, when 
restiltuig ftom frietional eleL-fricity, palpalile mOTements re- 
produced by the intermediate modes of force, which have 
themselve'i he en originated hy motion. 
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III. — HEAT. 

JF we now take Heat as our starting point, we sliall find 
that the other modes of force may be readUy produced hy 
it. To take motion first : this is so generally, 1 think I may 
say invariahly, the immediate effect of heat, that we may almost, 
if not entirely, resolve heat into motion, and yiew it as a 
mechanically repulsive force, a force antagonist to attraction 
of cohesion or aggregation, and tending to raove the particles 
of all bodies, or to separata thom. from each other. 

It may be well here to premise, that in using the terms 
' particles ' or ' molecules,' which will be frequently employed 
in this Essay, I do not use them in the sense of the atomist, 
or mean to assert that matter consists of indivisible particles 
or atoms. The words will be used for the necessary purpose 
of contradislingaishiogthe action of the indefinitely minut* phy- 
sical dements of matter from that of masses having a sensi- 
ble magnitude, much in the same way as the term ' lines ' or 
' points ' may be used, and with advantage in an abstract 
sense ; though there does not exist, in. fact, a thing which has 
length and breadth ■without thickness, and though a thing with- 
out parts or dimensions is nothing. 

If we put aside the sensation which teat produces in o\ir 
own bodies, and regard heat simply as to its effects upon in- 
organic matter, we find that, with a very few exceptions, which I 
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shall prusently nofice, tke effects of what Is called hcstt ara 
simply an espaasion of'Uie matter acted upon, and tliat the 
matter so expanded has the power by its own contraction of 
communicating expansion fes all bodies in contiguity with it. 
Thus, if the body be a solid, for instance, iron, a liquid, say 
water, or a gas, say atmospheric air — eaeh of these, ■when 
heated, is expanded in every direction ; in the two former 
cases, by increasing the heat to a certain point, we change 
the physical character of the substance, the solid becomes a 
Jiquid, and the liquid becomes a gas ; these, however, are 
still ospajisions, particularly Ibe latter, when, at a certain 
period, the expansion bceomesrapidlyandindefinitely greater. 
But what is, in fact, commonly done in order to heal a sub- 
stance, or to increase the heat of a substance ? it is roerety 
approximated to some other heated, that is, to some other 
expanded substance, which, latter is cooled or contracted as 
the former expands. Let usnow divest the mind of the impres- 
sion that heat is in itself anything substantive, and suppose 
that these phenomena are regarded for the first time, and 
without any preconceived notions on the subject ; let as in- 
troduce no hypothesis, but merely express as simply as we 
can the facta of which we habm gn tt ht 
do they amount? to this, that m tt 1 is p t mm t t 
molecular repulsive power, a(w tblft hli 

communicable by contiguity p ximily 

Heat thus viewed, is mot dth ml ilirmt 

we may readily change into tl t n f m t 

in its most ordinary and palp bl f m f mt 1 tl 

steam engine, the piston and 11 t n t t f 

matter are moved by the mok Idiltt ftl\p f 
water. 

To produce continuous motion there mttst be an alternate 
action of heat and cold ; a given portion of air, for instance, 
heated beyond the temperature of the circumambient air, is 
expanded. If now it be made to act on ii movable piston, it 
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taoves tLis to a point at whidi the tcntion or elastic forcu of 
the confined air equals that of the Burrounding air. If the 
confined air fee kept at this point, the piston wonld remaia 
Htationary ; but if it he cooled, the externa! air eserciahig 
then a greater relative degree of pressure, tlie piston returna 
towards its original position ; jnst as it will be seen, wheii we 
come lo the magnetic force, that a magnet placed in a pa^^ic- 
ular position produces motion in iron near it, but to mako 
tliis motdoa continuous, or to "obtain an available mechanical 
power, the magnet most be demagnetised, or a stable equili- 
brium is obtained. 

In the case of the piston moved bj heated air the motiou 
of the mass becomes the exponent of the amount of heat — 
i. o. of the expansion or separation of the molecules ; nor do 
we, by any of our ordinary methods, test heat in any other 
way than by its purely dynamical action. The various modi- 
fications of the thermometer and pyrometer are all measur- 
ers of heat by motion : in those instrnments liquid or solid 
bodies are expanded and elongated, i. e. moved in a definite 
direction, and, either by their own visible motion, or by the 
motion of an attached index, communicate to our senses the 
amount of the force by which they moved. There are, iu- 
deed, some dclicaf« experiments which tend to prove that a 
repulsive action between separate masses is produced by heat. 
Fresnel found that mobile bodies heated in an exhausted re- 
ceiver repelled each other to sensible distances ; and Baden 
Powell found that the coloured rings usually called Newton's 
rings change their breadth and position, when the glasses be- 
tween which they appear are heated, in a manner which 
showed that the glasses i-epelled each other. M. Faye'e the- 
ory of comets is based on some such repellent force. There 
is, however, some difficulty in presenting these phenomena lo 
the mind in the same aspect as the molecular repulsive action 
of heat. 

The phenomena of what is termed Jateiit heat liiive been 
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generally considered aa strOQgly ia favoiir of that viuw ■wUith 
regards heat eillier aa actual matter, or, at all erenti, as a 
substantive entity, and not a motion or affertiou of ordinaiy 
matter. 

The hypotlicsia of latent matter is, I venture with diffi- 
dence to thiak, a dangeroua one — it is somethmg hke the old 
principle of Phlogistonj it ia not tangible, visible, audible , 
it is, in fact, a mere subtle mental con<.t,ption, and ought, I 
Bubmit, only to be received on the ground of absolute neies- 
Bity, the more so as these salitletiea are apt to he ciincd on 
to other natural phenomena, and so the\ idd to the hypothe- 
tical scaiFoHiag which is seldom requi-iife, and should be 
sparingly used, even in the early stages of discoveiy As ta 
instance, I think a striking one, of the injunous effects of 
tliis, I will mention the analogous doctrine of ' invisible light ; ' 
and I do this, meaning no disrespect to its distinguished au- 
thor, any more than in discussing the doctrine of latent heat, 
I can be supposed, in the slightest degree, to aim at detract- 
ing from the merits of the illustrious investigators of the facts 
which that doctrine sects to explain. Is not ' invisible light,' 
a contradiction in terms ? has not light ever been regarded aa 
that agent which affects our vianal organs ? Invisible light, 
then, ie darkness, and if it exist, then is darkness light. I 
know it may bo said, that one eye can detect light where 
another cannot , that a cat may see where a man cannot , that 
an insect may ace where a c\t cinnot, but then it is not 
invisible hght to those who see it the h^ht, or lathcr the 
object seen bv the eit, maybe mviHihle to the min, but it 
is visible (o the cat, and, theiofore, tannot ab-itraetodly bo 
said to be invisible If wo go iuither, and iini an a^nt 
which afiects certam &ubs{»n),es 'miilarly to light, but dots 
not, as far as we arc aware, affect the visml organa of any 
animal, then is it not an erroneous nomcntUture which calls 
such an agent b^ht? Theie are many cases m which a de- 
viation frjm the onct accepted meaning of words has so gi ad 
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ually entered into common usage as to be imavoidaljle, ijut 1 
venture to think that additions to such cases should as ftir 
as possible be avoided, as injurioua to that precision of lan- 
guage ■which is one of tJie safest guards to knowledge, and 
from the absence of which physical science has materially 
Buffered. 

Let us now shortly examine the question of latent heat, 
and SCO -whether the phenoroena cannot be as well, if not 
more satisfactorily, esplained without the hypothesis of la- 
tent matter, an idea presenting many similar difficulties to 
that of invisible light, though more sanctioned by usage. 
Latent heat is supposed to be the matter of heat, associated, 
in a masked or dormant state, with ordinary matter, not ca- 
pable of being detected by any test so long as the matter with 
which it is associated remains in the same physical state, but 
communicated to or ahsorbed from other bodies, when the 
matter with which it is associated changes its state. To 
take a common example : a pound or given weight of water 
at 172", mixed with an equal weight of water at 32°, will 
ac(iuire a mean temperature, or 103° ; while water at 172°, 
mised with an equal weight of ice at 32°, wiU be reduced to 
32°. By the theory of latent heat this phenomenon is thus 
explained : — In the first case, that of the mixture of water 
witli water, both the bodies being in tlio same physical st-ate, 
no latcfit heat is rendered sensible, or sensible heat latent ; 
but in the second, the ice changing its condition from the solid 
to the Hquid state abstracts from the liquid aa much heat as 
it requires to maintain it in the liquid state, which it renders 
latent, or retains associated with itself, so long as it remains 
hquid, but of which heat no evidence can bo afforded by any 
theimoscopic test. 

I believe this and similar phenomena, where heat is con- 
nected with a change of state, maybe explained and dis- 
finctly comprehended ivithout recourse to the conception of 
lat«nt heat, though it requires some effort of the mind to di. 
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vest itself of thia idea, aad to view the pheaomena simply in 
their dynamical relations. To assist us in so viewing tliom, 
let us first parallel with, purely mecLanical actions, certain 
simple effects of heat, where change of state (I mean such 
change as from the solid to the liquid, or Hquid to the gase- 
ous state) is not concerned. Thus, place within a receiver a 
bladder, aad heat the air within to a higher teniperatiiro 
than that without it, the bladder expands ; so, force the air 
mechanically into it by the air-pump, the bladder expands ; 
cool the air ort the outside, or remove its pressure mechani- 
cally by an exhausting pump, the bladder also expands ; con- 
versely, increase the external repellent force, either by heat 
or mechanical pressiu'e, and the bladder contracts. In the 
mechanical efiecta, the force which produced the distension 
is derived from, and at the expense of, the meolianical power 
employed, as from muscular force, from gravitation, from the 
reacting elasticity of springs, or any similar force by which 
the air-pump may be worked. In the heating effects, the 
force is derived from the chemical action in the lamp or 
source of heat employed. 

Let na nest consider the experiment so arranged that the 
force, which produces expansion in the one case, produces a 
correlative contraction in the other : thus, if two bladders, 
with a connecting neck between them, be half-filled with air, 
as the one is made to contract by pressure the other will di- 
late, and vice versil ; so a bladder partly fiUed with cold air, 
and contained vrithin another filled with hot air, expands, 
while the apace between the bladders contracts, exhibiting a 
mere tranafer of the same amount of repulsive force, the 
mobility of the particles, or their mutual attraction, being 
the same in each body ; in other words, the repulsive force 
acts in the direction of least resistance until equilibi-iura is 
produced ; it then becomes a static or balanced, instead of a 
dynamic or motive force. 

Let ua now consider the ease where a solid is to be 
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chuiiged to a liquid, or a liquid to a gas ; here a mudi grout- 
er amount of heat or repulsive force is required, ou account 
of the cohesion of the particles to he separated. In order to 
separate the particles oi the solid, precisely as much force 
must he parted with hy the wanner liqnid body aa keeps an 
equal quantity of it in its liquid etat« ; it is, indeed, only with 
a, more striMng line of demarcation, the case of the hot and 
cold bladder — a part of the repellent power of the hot parti- 
cles ia transferred to the cold particles, and separates them ia 
their turn, hiit the antagonist force of cohesion or aggregation 
necessary to bo overcome, being in this ease much stronger, 
requires and exhausts an exactly proportionate amount of 
repellent force mechanically to overcome it ; hence the differ- 
ent effect on a body such aa the common thermometer, the 
expanding liquid of which does not undergo a similar change 
of state. Thus, in the example above given, of the mixture 
of cold with hot water, the hot and cold water and the 
mercury of the iliermomcter being all in a liquid state before, 
and remaining so after contact, the resulting temperature ia 
an exact mean ; the hot water contracta to a certain extent, 
tho cold water expands to the same extent, and the ther- 
mometer either sinks or rises the same number of degrees, 
accordingly as it had been previously immersed ia the cold 
or in the hot solution, its merc'iu'y gaining or losing an equiva- 
lent of repellent force. In tlie second instance, viz. flie mix- 
ture of ice with hot water, the substance we nae as an indi- 
cator, i. 6. mercury, does not undergo the same physical 
change as those whose relations of volume we are examining. 
Tho force — viewing heat simply as mechanical force — which 
is employed in loosening or tearing asunder tho particles of 
the solid ice, is abstracted from the liquid wafer, and from 
the liquid mercury of the thermometer, and in proportion as 
this force meets with a greater resistance in separating 
the particles of a solid than of a liqaid, so the bodies 
which yield the force suffer proportiouatoly a grealcr con- 
iraction. 
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If yra compare die action of Leat on the two Bubatauees, 
wat«r and niercury, aJonc, and throw out of our consideration 
the ice, we shall be able to apply the same view : thus, if a 
given source of heat be applied to water containing a meron- 
rial thermometer, both fhe water and mcrciuy gradually ex- 
pand, but in different degrees ; at a certsnn point the attrac- 
tive force of the molecules of the water ia so far overcome 
Uiat tJie water toeomea vapour. At this point, the heat or 
force, meeting with much less resistance from the attraction 
of the particles of steam than from those of the mercury, ex- 
pends itself upon the former ; the mercury does not further 
expand, or expands in an inflniteeimally small degree, and 
the steam expands greatly. As soon as this arrives at a 
point where circumambient pressure causes its resistance to 
further expansion to be equal to the resistance to expansion 
in the mercury of the thermometer, the latter again rises, 
and so both go on expanding in an inverse ratio to their 
molecular attractive force. If the eireumambient prcssnie be 
increased, as by confining the water at the commencement 
of the experiment within a less expansible body than itself, 
such as a metallic chamber, then the mercury of the ther- 
mometer continues to rise ; and if the experiment were con- 
tinued, the water being confined and not the mercury, untu 
we have arrived at a degree of repulsive force which is ablu 
to overcome the cohesive power of the mercury, so that this 
expands into vapour, then we get the converse effect ; tlio 
force expends itself upon the mercury, which expands in- 
definitely, as the water did in the iirst case, and the water 
does not expand at all. 

Another, very usual mode of regarding the subject may 
embarras at ilrst sight, but a Httle consideration will show 
that it is exphcable bj the same doctrine. Water which has 
ice floating in it wHl give, when measured by the therceo- 
meter, the same temperature as the ico ; i. e. both the water 
and iee contract the mercury of the thermometer to the point 
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conventionally marked as 32". It may be said, liow is tliis 
reconcUeable Tvitli the dynajnical doctrine, for, according to 
that, the solid should take from the mercury of the thei-- 
mometer more repulsive power than the liquid ; eonao- 
qucntly, the ice should contract tlie mercury more than the 
water ? 

My answer is, that in the proposition as thus stated, the 
quantities of the water, ice, and mercury are not taken into 
consideration, and hence a necessary dynamical element is 
neglected ; if the element of quantity be inelwded, this objec- 
tion wiU not apply. Let the thermometer, for instance, con- 
tain 13 oz. of mercury, and stand at 100° ; if placed in con- 
tact with an unlimited quantity of ice at 32", the mercury 
will sink to 32°. If the same thermometer be immersed in 
an unlimited quantity of water at 32°, the mercury sinks also 
to 32° ; not absolutely, perhaps, because, however great the 
quantity of water or ice, it will he somewhat raised in tem- 
perature by the warmer mercury. This elevation of tempera- 
ture ahove 32° wlU, be smaller in proportion as the quaniity 
of water or ice is larger than the quantity of mercury ; and, 
as we know of no intermediate state between ice and water, 
the contact of a thermometer at a temperature above the 
freezing point with any quantity of ice exactly at the freezing 
point would, theoretically speaking, liquefy the whole, pro- 
vided it had sufficient time ; for as every portion of that ice 
would in time have its temperature raised by the contact of 
the warmer body, and as any elevation of temperature above 
the freezing point liquefies ice, every portion should he lique- 
fied. Practically speaMng, however, in botii cases, that of 
the water and of the ice, when the quanti^ is indefinitely 
great the thermometer falls to 32°- 

Now place the sam.e thermometer at 100", successively 
in one oz. of water at 33°, and in one of ice at 32° ; we shall 
find in the former ease it wiU he lowered only to 54", and in 
the latter to 32° : apply to tliis the doctrine of repulsive force, 
and we get a satisfactory explanation. 
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lu the first case, tlie quantities both of ice and water he- 
ing iadefinitely great in respect to the mercury, each reduces 
it to ita owa temperature, viz. 33°, and the ice cannot reduce 
the mercury below 32°, because it would receive back repul- 
rive power from the newly formed water, and this would hc- 
eomeice ; in the second case, where the quantities are limited, 
tlie mercury does lose more repulsive power by the ice ttan by 
tlie water, and tho observations made in reference to the first 
iUuatration apply. 

The above doctrine is beautifully instanced in ti.e experi- 
ment of Thilorier, by which carbonic acid ia aolidifled. Car- 
bonic acid gas, retained in a strong vessel under great pres- 
sure, is allowed to escape from a small orifice ; tbe sudden 
expansion requirea so great a supply offeree, that in furnish- 
ing the demands of the expanding gas certain other portions 
of tlie gft3 contract to such an extent as to solidify ; thus, we 
liave reciprocal expansion and contraction going on in one 
and tiie same substance, the time being too limited for the 
whole to assume a uniform temperature, or in olher worda, a 
uniform extent of expansion. 

It has been observed with reference to heat thus viewed, 
that it would be aa correct to say, that heat is absorbed, or 
cold produced by motion, aa that heat is produced by it. This 
difHculty ceases when the mind has been accustomed to re- 
gard heat and cold as thomaelves, motion ; i. e. ae correlative 
expansions and contractions, each being evidenced by relation, 
and being inconceivable as an abstraction. 

For instance, if the piston of an air-pump be drawn down 
by a weigM, cold ia produced in the receiver. It may be here 
said that a mechanical force, and the motion consequent upon 
it, producea cold ; but heat is produced on the opposite side 
of the piston, if a receiver be adapted so aa to retain the com- 
preased air. Assuming them to equivalise each other, the 
force of the falling weight would be expressed by the heat of 
fiiction of the piston i^ainat its tube, and by the tension or 
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power of reactiori of the compressed against the dilated air. 
If tlie lieat due to compreaslon be made to perform mechani- 
cal work, it would p-o tanto be consumed, and conld not 
restore the temperature to tho dOat«d air ; but if it perform 
no work, mo teat is lost. Mr. Joule has esperimentally 
proved tliia proposition. 

In commencing tiie subject of heat, I asked my reader to 
put out of consideration the sensations which heat produces 
in our own botliea ; I clid this because these sensations are 
likely to deceive, and have deceived many as to the nature of 
heat. These senaationa are themselves occasioned by simi- 
lar expansions to those which we, have been considering ; tlie 
liquids of the body are expanded, i. e, rendered less viscid by 
heat, and from their more ready flow, we obtain the sensation 
of agreflable warmth. By a greater degree of heat, their ex- 
pansion becomes too great, giving rise to a sense of pain, and, 
if pushed to extremity, as with the heat which produces a 
burn, tlie hquids of the body are dissipated in vapour, and an 
injury or destruction of the organic structure takes place. A 
similar though converse effect may he produced by intense 
cold ; the application of frozen mercury to the animal body 
produces a bum similar to that produced by great heat, and 
accompanied with a similar sensation. 

Doubtless other actions than those above mentioned intei^ 
fere ia producing the sensations of heat and cold ; but I think 
it win be seen that those will not affect the arguments as to, 
the nature of heat. The phenomenal effecta willbefouid 
unaltered ! heat will still be found to be expansion, cold to be 
contraction ; and the expansion and contraction are, as with 
the two bladders of air, correlative — i. e. we cannot expand 
one body, a, without contracting some other body, b ; we 
cannot contract A without expanding B, assuming that we view 
the bodies with relation to heat alone, and suppose no othei 
force to be maiiifested. 

I have said that there arc few exceptions as to licat being 
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always manifested by an expansion of matter. One class of 
these exceptions is only apparent : moist clay, animal o* 
vogotablo fibre, and other substances of a mixed nature, 
which contain matter of different characters, some of ■which is 
more and some less volatile, i. c. expansible, are contracted 
on the application of heat ; this arises from the more volatile 
matter being dissipated in the form of vapour or gas ; and the 
interstices of the less volatilo being thus emptied, the latter 
contracts by its own cohesive attraction, giving thus a prima 
facie appearance of contraction by heat. The pyrometer of 
"Wedgwood is expHcable on this principle. 

The second class of exceptions, though much more limited 
in estent, is less easily explained. Water, fused bismuth, 
and probably some other substances (though the fact as to 
them is not clearly established), expand as they approach 
very near to the freeaing or solidifying point. The most 
probable explanation of these exceptions is, that at the point 
of maximima density the molecules of these bodies assume a 
polar or crystalline condition ; that by the particles being 
thus arranged in linear directions like chevaux do frise, 
interstitial spaces are left, containing matter of less den- 
sity, so that the specific density of the whole mass is dimin- 

Some recent experiments of Dr. Tyndall on the physical 
properlies of ice seem to favour tliis view. "Wben a sun- 
beam, concentrated by a lens, is allowed to fall on a piece 
of apparently homogeneous ice the pafii of the rays is in- 
stantly studded with numerous luminous spots like minute air 
bubbles, and the planes of freezing aro made manifest by 
these and by small fissures. Stars or flower-like figures of 
six petals appear parallel to the planes of freezing, and seem- 
ingly spreading out from a central bubble. These flowers 
are formed of water. When the ice is melted in warm water 
no air is given off from the bubbles, so they seem to be va- 
uuous ; it is, howevei', possible that extremely minute parti- 
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cles of air sufficient to form foci for the melting points of ice 
might 1)0 dissolved by the vrater aa soon as they came in con- 
tact with it. Bo this as it may, the existence of these points 
throughout the ice, where it g^yes way to the heat of the solar 
beam, if it does not profe actual vacuous or aeriform spa^'es 
to exist in ice, proves that it is not homogeneous, that its 
structure is probably definitely crystalline, and that the 
matter composing it is in different degrees of aggregation, so 
that its mean specific gravity might well be less than that of 
water. 

We cannot examiao piecemeal the ultimate structure of 
matter, but in addition to the fact that the bodies which 
evince this peculiarity are bodies which, when solidified, ex- 
hibit a very mariied crystalline character, there are csperi- 
naents which show that water between the point of maximum 
density and its point of solidification polarises light circularly ; 
showing, if these experiments be correct, a structural altera- 
tion in water, and one analogous t« that possessed by eorfain 
crystalline solids, and to that possessed by water itself, where 
it is forcibly niade to assume a polarised condition by the in- 
fluence of magnetism. 

The accuracy of these results Las, however, been doubted, 
and the experiments have not succeeded when repeated by 
very experienced hands. Whether this be so or not, and 
whether Ibe above explanation of the exception to the other- 
wise invariable efFeet of expansion by heat be or be not re- 
garded as admissible, must be leil to the judgment of each 
individual who thinks upon tlie subject ; at all events, no 
theory of heat yet proposed removes the difficulty, and there- 
fore it equally opposes every other view of the phenom- 
ena of Lcat, as it does that which I Iiave here consid- 
ered, and which regards heat as communicable expansive 

As certain bodies expand in freeziag, and indeed, under 
gome circumstances, oefore they arrive at the temperature al 
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which, they sobdify, we get the apparent anomaly that tLo 
motion or mechanical force generated hy heat or change of 
temperature is reversed in direction when we arrive at the 
point of change from the solid to the liquid state. Thaa a 
piece of ice at the temperature of Zero, Fahrenheit, would 
expand by teat, and produce a mechanical force by such ex- 
pansion until it arrives at 32^ ; hut then by an increment of 
Ii«at it contracts, and if the first expansion had moved a pis- 
ton upwards, the subsequent contraction would bring it back 
to a certain extent, or move it downwards, an apparent nega- 
tion of the force of heat. 

Again \vith water above 40°, i. e, above its point of 
maximum, deiisity, a progressive increment of cold or decre- 
ment of beat would produce contraction to a certain point, 
and then expansion or a mechanical force in an opposite direc- 
tion. Thus not only heat or the expansive force given to 
other bodies by a body cooling would bo ^ven out by water 
freezing, but also the force due to the converse expansion in tlie 
body itself, and force would thus seem to be got out of noth- 
ing: but if water in a confined space be gradually cooled, the 
expaasion attendant on its cooling as it approaches the freez- 
ing point would occasion pressure amongst lis particles, and 
thence tend to antagonise the force of dilatation produced in 
thera by cooling, or to resist their tendency to freeze ; or in 
other words, the pressure would tend to liquefaetion, and con- 
versely to the usual effect of pressure, produce cold instead 
of heat, and thus neutrahse some of the heat yielded by the 
cooling body. Hence we find that it requires a lower tem- 
perature to freeze water under pressure than when exempt 
from it, or that the freezing point is lowered as the pressure 
increases for bodies which expand in freezing — an effect first 
predicted by Mr. J. Thompson, and experimentally verified 
by Mr, W. Thompson ; while as shown by M. Ennsen, the 
converse effect fakes place with bodies which contract in 
freezing. Here the pressure cooperates with the effecle of 
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cold, both tending to approximate the par'icles, and such sub- 
stances eolidiiy at a higher temperature in proportion as the 
pressure is greater; so that we might expect a body of this 
class, which under the ordinary pressure of the air is at a 
temperature just above its freezing point, to solidify by 
being submitted to pressure alone, the temperatore being 
kept constant, 

A aimilar class of exception to the general effect of 
heat in expanding bodies is presented by vulcanised caout- 
chouc. This has been observed by Mr. Gongh, and, in- 
deed, was pointed out to mc xoany years ago by Mr. 
Brockedon to be heated when stretehed, and cooled when 
unstretelicd. 

Mr. Joule finds that its specific gravity is lower when 
stretched than when unstretched, and that when heated 
in its stretched state it shortens, presenting in this par- 
ticular condition a similar series of converse relations to 
those which are presented by water near or at its feezing 

With the exception of this class of phenomena, which 
offer difficulties to any theory which has been proposed, the 
general phenomena of heat may, I believe, be explained upon 
a purely dynamical view, and more satisfactorily than by 
having recourse to Iho hypothesis of latent matter. Many, 
however, of the phenomena of heat are involved in much 
mystery, particularly those connected with specific heat or 
that relative proportion of heat which equal weights of differ- 
ent bodies require to raise them from a given temperature to 
another given temperature, which appear to depend in some 
way hitherto inexplicable upon the molecular constitution of 
different bodies. 

The view of heat which I have taken, viz, to regard it 
simply as a communicable m.olecular repulsive force, is snp- 
ported by many of the phenomena to which the term specific 
or relative heat is applied ; for example, bodies as they in- 
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crease in temperatare increase in specific heat. The ratio 
of this increase in specific heat is greater with soHds than 
with Hquids, although the latter are more dilatable ; an 
effect probably depending upon the commencement of fusion. 
Again, those metals whoso rate of expansion increases most 
rapidly whei they are heated, increase most in specific heat; 
and their specific heat is reduced by percussion, ■which, by 
approximating their particles, makes them specifically more 
dense. When, however, we examine substances of verj 
difierent physical characters, we find that their specific heats 
have no relation to their density or rate of expansion by 
heat ; their differences of specific heat must depend upon 
their intimate molecular constitution in a manner accountecl 
for (as far as I am aware) by no theory of heat hitherto 
proposed. 

In the greater number, probably in all solids and liquids, 
the expansion by heat is relatively greater as the temperature 
13 higher ; or, preserving the view of expansion and contrac- 
tion, if two equal portions of the same suhstanee be juxta- 
posed at different temperatures, the hotter portion will con- 
tract a little more than the colder will expand ; from this 
feet, viz. that the coefficient of expansion increases in a given 
body with the temperature, and from other considerations, 
Dr. Wood has argued, with much apparent reason, that the 
nearer the particles of bodies are to each other, the less they 
require to move to produce a given expansion or contraction 
in those of another body. His mode of reasoning, if I rightly 
conceive it, may be concisely put as follows : — 

As bodies contract by cold, it is clear that, in a given 
body, the lower the temperature the nearer are the particles ; 
and, as the coefficient of expansion increases with the tem- 
perature, the lower the temperature of the substance be, the 
less the particles require to move, or approach to or recede 
from each other, so as to compensate the correlative i< 
■31 approach of the particles in a hotter portion of the si 
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Buljstance, ttat is, in another portion of tiie same substance 
in which the particles are more distant irom ea«h otter. 
The amoimt of approximation or recession of the particlea of 
a body, in other words, its change of bnik by a gi^en change 
of temperature, being thns in a given substance an index of 
the relatiTO proximity of its particles, may it not be so of all 
bodies? The proposition is very ingeniously argued by Dr. 
Wood, but the argument is based upon certain hypotheses as 
to the sizes and distaMcee of atoms, which must be admitted 
as postulates by those who adopt Lis eondnaions. Dr. 
Wood seeks by meana of thia theory to explain the heat pro- 
duced by chemical combination, and I shall endeaYour to give 
a sketch of hia mode of reasoning when I arrive at that part 
of my suhject. 

Although the comparative effects of specific heat may not 
be satisfactorily explicable by any known theory, the absolute 
effect of heat upon each separate substance is simply expan- 
sion, but when bodies differing in their physical characters 
arc used, the rate of expansion varies, if meaeured by the 
correlative contractions exhibited by the substances produc- 
ing it. Though I am obliged, in order to be intelligible, to 
talk of heat as an entity, and of its conduction, radiation, &c., 
yet these expressions are, in fact, inconsistent -with, the dyna- 
mic theory which regards heat as motion and nothing else ; 
tints conduction would be simply a progressive dilatation or 
motion of the particles of the conducting anbstaace, radiation 
an nndulation or motion of the particles of the medium 
through which the heat is said to be transmitted, &e. ; and it 
is a strong argument in favour of this theory, that for every 
diversity in the physical character of bodies, and for every 
change in the structure and arrangement of particles of the 
same body, a change is apparent in the thermal effects. 
Thus gold conducts heat, or transmits the motion called heat, 
more readily than copper, copper than iron, iron titan lead, 
and lead than porcelain, &c. 
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So wliea the atmcture of a substanco is not homogeneous, 
we have a change ia the conduction of different parts depend 
ent upon the structure. This is heautifuUy shown with 
bodies whose stmcturc is syimnetrieally arranged, aa in crys- 
tals. Senarmont has shown that crystals conduct heat differ- 
ently in different directions with reference to the axis of 
symmetry, but definitely in definite direclions. Hia mode of 
experimenting ia as follows t — A plate of flie crystal is cut in 
a direction, for one set of experiments parallel, and for 
another at right angles to the axis ; a tuhe of platinum is in- 
aerted through the centre of "the plate, and beat at one 
extreEoity, so as to be capable of being heated by a lamp 
without the heat which radiates from the lamp affecting the 
crystal ; the aarfaces or bases of the plate of crystal arc 
covered -with was When the platinum is heated, the diree- 
ti n of the heat con lucted by the crystal is made known by 
tl e meltm^ of the wax and a curved line is visible at tlic 
junctme of the solid an! hqml wax. This curve, with 
I omogeneous subatw.ces ■is ^is or ziac, is a circle ; it is 
also a arcle on plates ot c^lc aiar cut perpendicular to the 
axis of symmetry ; but on platea cut parallel to the axis of 
symmetry, and having their plane perpendieolar to one of the 
faces of the primitive rhombohedron, the curves are weU- 
dofiaed ellipses, haviEg their longer axes in flie direction of 
the axis of symmetry, showing that this axis is a direction of 
greater condiictibility. From experiments of this character 
the inference is drawn, that ' in media constituted like crys- 
tals of the rhombohedral systcca, the conducting power variea 
in such a manner, that, supposing a centre of heat to exist 
within them, and the medium to be indefinitely extended in 
oil directions, the isothermal stirfaees are concentric ellipsoida 
of revolution round the axis of symmetry, or at least surfaces 
differing but little therefrom.' 

Knoblauch has further shown, that radiant heat is absorb- 
ed in different degrees, according as its direction is parallel 
sr perpendicular to the axis of a crystal. 
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If we select a subatance of a different but also of a definite 
sti-ucture, such as wood, we find that heat progresses through 
it with more or less rapidity, according to its direction witli 
reference to tho fibre of the wood : thua DecandoUe and De 
la Uive fonnd tliat the conduction was better in a direction 
parallel to the fibre ttan in one transverse to it ; and Dr. 
Tyndall lias added tlie fact, that the conduction is better in a 
direction transverse to the fibres and layers of the wood than 
when transverse to the fibre but parallel to the layere, though 
in both these directions the conduction is inferior to that fol- 
lowing the direction of the fibre. Thus, in tlie three possible 
directions in which the structure of wood may be contem- 
plated, we have three different degrees of progression for 

In the above examples we see, aa we shall see fartlier on 
with roierence to all the so-called imponderables, tliat the 
phenomena depend upon the molecular structure of the mat- 
ter affected : and although these facts are not absolutely in.- 
consiatent witli the theory which supposes them to be fluids 
or entities, it wiU, I think, be found to be far more consistent 
wilii that which views them as motion. Heat, which we are 
at present considering, cannot be instilaled : -wa cannot re- 
move the heat from a substance and retaia it as heat ; wo 
can only transmit it to another subatance, eitlier as heat or 
as some other mode of force. We only know certain changes 
of matter, for which changes heat is a generic name ; the 
thing heat is uaknown. 

Heat liaving been shown to be a force capable of pro- 
dncing motion, and motion to be capable of producing the 
other modes of force, it necessarily follows that heat is capa- 
ble, mediately, of producing them ; I will, therefore, content 
myself with enquiring how far heat is capable of immediately 
producing the other modes of force. It wiU immediately 
produce ehdncHy, as shown in the beautiful experiments of 
Seebeck, one of which I have already cited, which espcri' 
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menta proved, that when diasimilar metals are made to touch 
or are soldered together and heated at the point of contact, a 
current of electricity flows through the melals having a defi- 
nite direction according to the metala employed, which cur- 
rent continuea as long as an increasing temperature is grad- 
ually pervading the metals, ceases when the temperature is 
Btationaay, and flows in the contrary direction with the decre- 
ment of tcroperature. 

Another class of phenomena wliich have been generally 
attrihuted to the effects of radiant heat, and to which, from 
this belief, the term, thermography has been applied, may 
also, in their turn, be made to exhibit electrical efiects — ef- 
fects here of Franklimc or static electricity, as Seeheck'a ex- 
perimenta showed effects of voltaic or dynamic electricity. 

If polished discs of dissimilar metals — say, zinc and cop- 
per — he brought into dose proximity, and kept there for 
some time, and either of them has irregularities upon its sur- 
face, a superficial outline of these irregularities is traceable 
upon the other disc, and vice versEi. Many theories have 
been framed to account for this phenomenon, but whether it 
be due or not to thermic radiations, the relative temperature 
of the discs, their relative capacities and conducting and 
radiating powers for heat, undoubtedly influence the plie- 



Now, if two such discs in close proximity be connected 
with a delicate electroscope, and then suddenly separated, 
the electroscope is affected, showing tliat the reciprocal ra- 
diation from sui-faee to surfaee has produced electi-ical force. 
I cite this experiment in treating of heat as an initial force, 
because at present the probabilities are in favour of thermic 
radiation producing the phenomenon. The origin of these 
ao-caUed thermographic effects is, however, a question open 
to much doubt, and needs much further experiment. When 
I first published tlie experiment which showed that the mere 
approximation of metallic discs would give rise to electrical 
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effects, Z moEtioaed that I considered the fact of the superfi- 
cial change upoa the surface of metals in proximity, and, d 
fortiori, in contact, would explain the developement of elec- 
tricity in Volfa's oi-iginal contact experiment, without having 
recourse to the contact theory, i. e. a theory which supposes 
a force to he produced by mere contact of dissimilar metals 
without any molecular or chemical change. I have seen 
aolMng to alter this view, Mr. Gassiot haa repeated and 
verified my experiment with more delicate apparatus and 
under more tmexceptionable circomstances ; and without say- 
ing that radiant heat is the initial force in this case, we have 
evidence, hy the superficial change wliicli takes pla«e in 
bodies closely approximated, that some moleciilax change is 
taking place, some force is called into aetioa by their prosim- 
ity, which produces changes in matter as it expends, or 
rather transmits itself; and, tlierefore, is not a force without 
molecular change, as the supposed contact force would be. 
The force in this, as in alt other cases, is not created, but de- 
veloped hy the action of matter on matter, and not annihi- 
lated, as it is shown by this experiment to be converliblo into 
another mode of force. 

To say that heat will produce liglii, is to assert a fact ap- 
parently famihar to every one, but there may he some rea- 
son to douht whether the expression to produce light is cor- 
rect in this particular application ; the relation between heat 
and light ia not analogous to the correlation between these 
and the other four afFections of matter. Heat and light ap- 
pear to ho rather modifications of the same force than dis- 
tinct forces mutually dependent. The modes of action of ra^ 
diant heat and of fight are so similar, both being subject to 
the same laws of refleelion, refraction, a»d double refraction, 
and polarisation, that their difference appears to exist moi'e 
in the manner in which tliey affect our senses thaa in our 
mental conception of them. 

The esperimenls of McUoui, which have mainly eonlrib* 
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ated to demonstrate this dose analogy of heat and light, af 
ford a beautiful instance of the osaistance which the progress 
of one branch of physical science renders to that of another 
The discoveries of Oersted and Seebeck led to the consfcnio- 
tioQ of an instrumeat for measui-ing temperatnre, incompara- 
bly more delicate than any previously known. To distin- 
guish it from the ordinary thermometer, this instrument is 
called the th&i-momuUipUer. It consists of a series of small 
bars of bismuth and antimony, forming one zigzag chain of 
alternations arranged parallel to each other, in the shape of 
a cylinder or prism ; so that the points of junction, which are 
soldered, shall be aU exposed at the bases of the cylinder : 
the two extremities of this series are miited to a galvano- 
meter — that is, a flat coil of wire suiroimding a freely-sus- 
pended magnetic needle, the direction of whicli is parallel to 
the convolutions of the wire. When radiant heat impinges 
upon the soldered ends of ilie mnltiplier, a thermo-electric 
current is iadiiced in each pair ; and, as all these currents 
fend to circulate in the same direction, the energy of the 
whole is increased by the cooperating forces : this current, 
traversing the helix of the gEilvanometer, deflects the needle 
from parallelism by virtue of the electro-magnetic tangential 
force, and the degree of this deflection serves as the index 
of the temperature. 

Bodies examined by these means show a remarkable dif- 
ference between their transcalescence, or power of transmit- 
ting heat, and their transparency : thus, perfectly transparent 
alum arrests more heat than quartz so dark colom'ed as to be 
opaque ; and alum coupled with green glass Melloni found 
was capable of transmitting a beam of brilliant light, while, 
with the most delicate thermoscope, he could detect no indi- 
catioas of transmitted heat : on tlie other hand, rock-salt, tlie 
most ti-anscolescent body known, may be covered with Piot 
until perfectly opaque, and yet be found capable of transmit- 
ting a considerable quantity of heat. Eadiant heat, when 
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ti-aiismitted througli a priam of roefe-salt, is found to be une- 
qually refracted, aa is the case wilh light ; and fhe rsiys of 
heat thus elongated into -what is, for the sake of analogy, 
called a spectrum, are found to possess siinilar properties to 
the primary or coloured rays of light. Thus rock-salt is to 
lieat what colourless glass is to liglit ; it transmits heat of all 
degrees of refrangibility : alnm is to heat as red glass io 
light ; it transmits the least, and stops the most refrangihlo 
rays ; and rock-salt covered with soot represents blue glass, 
trajismittiag tte most, and stopping the least refrangible rays. 

Certaia bodies, again, refieet heat of different refrangl- 
bility : thus paper, snow, and lime, although perfectly white 
— that is, reflecting light of all degrees of refr'angibilify, re- 
flect heat only of certain degrees ; while metals, which are 
coloured bodies — tliat is, bodies which reflect light only of 
certain degrees of refrangibility — reflect heat of all degrees. 
Eadiant heat incident upon substances which doubly refract 
light is doubly refracted ; and tlie emerg-ent rays are polar- 
ised in planes at right aagles to each other, as is the case 
with light. 

The relation of radiation to absorption also holds good 
with light as with heat: with the latter it has been long 
known that the radiating power of different substances is di 
reetly proportional to their absorptive and inverse to Oieii 
reflective power ; or rather, tliat the sum of the heat radia 
ted and reflected is a constant quantity. So, as has been 
shown by Mr. Balfour Stewai-t, flie absorption bears the 
same relation to radiation for heat as to qnalily as well as 
quantity. 

Light pi-esenfs us with similar relations. Coloured glass, 
when heated so as to be lumiaous, emits (lie same light 
which at ordinary temperatures it absorbs: thus red glass 
gives out or radiates a greenish light, and green glass a red 

The flame of subslances contaiiiing sodium yields a yel- 
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low light of sach purity that other colours exposed to it ap- 
pear black — a phenomenon shown by the familiar experimeal 
of exposing a picture of bright colonre, other than yellow, to 
the flame of spirits of wine with whicli common salt is mixed : 
the picture loeea ita colours, and appears to be black and 
white. When the prismatic spectrum of such a flame ia ex 
amined, it is found Jo exhibit two bright yellow lines at a cer- 
tain flsed position. If a source of light be employed wliieh 
gives no lines in its spectrum, and this, being at a higher 
temperature, be made to paes through the sodium flame, two 
dark lines will appear in die epectrum precisely coincident 
in position with the yellow lines which were given by the so- 
dium flame iteelf. The same relation of absorption to radia- 
tion is therefore shown here : the substance absorbs that 
light which it yields when it is itself the source of light. 
Tlie same is true of other substances, the spectra of which 
exhibit respectively lines of peculiar colour and poaiiion. 
Now, the solar prismatic spectmm is traversed by a great 
number of dark lines ; and Kirchoff has deduced from con- 
siderations such as those which I have shortly stated, that 
these dark lines in the solar spectmm are due to metals ex- 
isting in an atmosphere around the sun, which absorb the 
light from a central incandescent nucleus, each metal absorb- 
ing that light which would appear as a bright line or b'nes in 
its own spectrum. 

By comparing the position of the bright lines in the spec- 
tra of metals with that of the dark lines in the solar spec- 
trum, several of them arc found to be in identically the same 
place ! hence it is inferred, and the inference seems reason- 
able, that the metals which show luminous lines in their spec- 
tra, identical in position with dark lines in the solar spec- 
trum, exist in the sun, and are difiused in a gaseous state in 
its atmosphere. It does not seem to nie necessary to this 
conclusion to assume that the sun is a solid mass of incandes- 
2ent matter: it may well be that what we term the photo- 
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sphere or luminous envelope of the sun lias surrounding it a 
more diffuse atmosphere cotitaiiiiiig Taporised metals, and 
that the mass of the sun itself may be in a different state, 
and not necessarily at an incandescent temperature ; indeed, 
tte protuberances and red light seen at the period of total 
eclipses afford some evidence of aa atmosphere exterior to 
the photosphere. It would, however, be out of place here to 
apecnlate on these subjects : the point ■which concerns us is 
the analogies of heat and light, which these discoveries illus- 
trate. Kirchoff has carried the analogy farther by showing 
that a plate of tourmaline absorbs the polarised ray wliich 
when heated it radiates. Thus, the phenomena of light are 
imitated closely by tliose of radiant heat ; and the same the- 
ory which is considered most plausibly to account for the 
phenomena of the one, will necessarily be applied to tlie other 
agent, and in each case molecular .change is accompanied by 
a change in the phenomenal effects. 

In certain cases heat appears to become partially con- 
certed into light, by changing the matter affected by heat ; 
thus gas may be heated to a very high point without pro- 
ducing light, or producing it to a very sUght degree ; but the 
introduction of solid matter — for instance, the metal platinum 
into the highly-heated gas — instantly exhibits light. Whether 
tlie heat is converted into light, or whether it is concentrated 
and increased in intensity by the solid matter so as to become 
visible, may be open to some doubt : the fact of solid matter, 
when ignited by the osyhydrogen jet decomposing water, as 
will be presently explained, would seem to indicalo tliat the 
heat was rendered more intense by condonsatiou in the solid 
matter, as water is in this case decomposed by a heated body, 
which body has itself been heated by the combining elements 
of water. The apparent effect, however, of the introduction 
of solid incombustible matter into heated gas, is a conversion 
of heat into light. 

Tliere is another method by which heat would probably 
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be made to produce Immaoua effects, though I am not awar« 
that the experiment haa ever been made. 

If we eoncertrate into a focus by a largo leas a dim light, 
we increase the intensity of the light. Kow if a heated hody 
be taken, which, to the unassisted eye, has just ceased to be 
visible, it seems probable that by colleciing and condensing 
by a lens the different rays -which have so ceased to be visi- 
ble, light woidd reappear at tlio focus. The^ experiment is, 
for reasons obvious to those acquainted with optics, a difficult 
one, and, to be conclusive, should be made on a large scale, 
and with a very perfect lens of large diameter and short fo- 
cus. I have obtained an approximatioa to the result in the 
following maimer: — In a dark room a platinum wire is 
brought just to tiie point of visible ignition by a constant vol- 
taic battery ; it is then viewed, at a short distance, through 
an opera-gla^ of large aperture applied to one eye, tlie other 
being kept open. The wire will be distinctly visible to that 
eye which regards it through the opera-glass, and at the same 
time totally invisible to the other and naked eye. It may he 
said with some justice that such experiments prove htlle more 
than the fact already known, viz. that by increasing the in- 
fenaitj of heat, light is produced : they however exhibit this 
effect in a more striking form, as bearing on the relations of 
heat and light. 

With regard to ch&mical a^nity and magnetism, perhaps 
the only method by which in strictness the force of heat may 
be said to produce them is through the medium o 
the thermo-electrical current, produced, as before c 
by heating dissimilar metals, being capable of deflecting the 
ms^et, of magnetising iron, and exliibiting the otlior mag- 
netic effects, and also o£ forming and decomposing chemical 
compounds, and this in proportion to the progressioa of heat : 
this has not, indeed, as yet been proved to bear a measurable 
quantitative relation to the oilier forces thus produced by it, 
because so little of the heat is utilised or convei'led into elec- 
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tricity, much boiog dissipated, without cliango, iu the form of 

Heat, however, directly affects and modifii)p both the mag- 
net and chemical compounds ; tlie union of certain chemical 
sTibstancea is induced hj heat, ^, for instance, the formation 
of water by the union of osygen and hydi-ogen gases ; in 
otlier cases this union is facilitated by heat, and in many in- 
Btances, as in ammonia and its salts, it is weakened or aniag* 
oniacd, la many of these cases, however, the force of heat 
seems more a determining than a producing influence ; yet to 
bo this, it must have an inunediato relation with the force 
whose reaction it determines : thua, although gimjKiwder, 
touched -with an ignit«d wire, subsoqitently carries on its own 
oombustion or chemical combination, independently of the 
original source of heat, yet tlie chemical affinities of tlio first 
portion touched must be exalted by, and at the cost of, the 
heat of the wire ; for to disturb even an unstable equilibrium 
requires a force in direct relation with those which maintain 
equilibrium. 

Since the first edition of this essay was puhlislied, I have 
communicated to the Eoyal Society some esperimenta by 
which an important exception to the general eifect oi hej.f on 
chemical affinity is removed, and the results of which induce 
a hope that a generalised relation will ultimately be estab- 
lished between heat, chemical affinity, and physical ittraction 
I find that if a substance capable of suppoiting an intense 
heat, and incapable of being acted upon by water oi eifhti 
of its elements — such, for instance, aa platinum, or iridium — 
be raised to a high point of ignition and then immersed m 
water, bubbles of permanent gas ascend from it, which on 
examination are found to consist of mixed osygen and hydi o- 
gen in the proportions in wliich tiey form water. The ttm- 
t;eratur6 at which this is effected is, according to Di. Eobm- 
8on, who has since wi-itteo a valuable paper on the subject, 
u 2386°. Now, when mixed oxygen and hydrogen are ex- 
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pjst-d to a tempLiafuiL of aloat 800 , tlicy eomljine aullom 
watur, lieat theiefoie appears to act difFi,rciitIy upon tbeae 
demeota aj;toiding to its mt«nsity, m one case producing 
composition, m fte other decomposiiiOQ No satisf iict jry 
means of reconciling this ap].>ai ent anoinaly hai e been pointed 
out. the test approxunation to a thi,oiy which I can frame la 
by twsnmmg that the constituent molecules of water are, be- 
low a certain temperature, in a state of stable eqnilibriam ; 
tliat the molecules of mLsed or oxyhydrogen gas are, above a 
eerlain temperature, also in a state of stable equilibrium, but 
of an opposite character ; ■while below this latter tempera- 
ture the molecules of mixed gaa are in a state of unstable 
cqailibiium, somewhat similar to that of the fulminates or 
similar bodies, in which a slight denmgem.ent subverts the 
nicely-bolanced forces. 

If, for instance, we suppose four molecules. A, E, 0, D, 
to be in a balanced state of equilibrium between attracting 
and repelling forces, the application of a repulsive force bo- 
tweea B and C, though it may stiU farther separate B and C, 
will approximate B to A and C to D, and may briug them 
respectively witliin the range of attractive force ; or, sup- 
posing the repulsive force to be in the centre of an indefioito 
sphere of particles, all these, excepting those immediately 
acted oo by the force, will be approximated, and having from 
attraelion a^uoaed a state of stable equilibiium, they will re- 
tain this, because the repulsive force divided by the mass is 
not capable of overcoming it. But if the repulsive force be 
increased in quantity and of sufficient intensity, then the at- 
tractive force of all the molecules may be overcome, and de- 
composition ensue. Thus, water or steam below a certain 
temperature, and mixed gaa above a certain temperature, 
may be supposed to be in a state of stable equilibrium, whilst 
below this limiting temperature, the equUiIirium of oxyhy- 
Irogen gas is unstable. 

This, it must be coufeascd, ih but a crude moiV of e"\.]dalu< 



Hosted .vGoogle 



HEAT. 07 

ing the plionoincita, and requires the assumption, tLut tlio 
partides of a gas exercise an attraction ibr each otliec as do 
the particles of a solid, though different in degree, perhaps in 
kind. Whether this be so or not, there can be no doubt that 
both gases and solids expand or contract according to the in- 
verse contraction or expansion of other neighbouring bodies, 
Bad 60 far resemble each other in their relations to heat and 
cold. The extent to which such expansion or contraction 
can be carried, seems to be limited only by the correlative 
state of other bodies ; these again, by others, and so on, as 
far as we may judge, throughout the cmverse. 

Adopting the explanation above giyon of the decomposi- 
tion of water by heat, heat would have the same relation to 
chemical affinity as it has to physical attraction ; its imme- 
diate tendency is antagonistic to both, and it is only by a sec- 
ondary action that chemical affinity is apparently promoted 
by heat. This view would explain how heat may promote 
changes of the equilibrium of chemical afftnity among mixed 
compound substances, by decomposing certain compounds and 
separating elementary constituents whose affinity is greater, 
when they are brought within the sphere of attraction for the 
substance with which they are mixed, than for those witli 
which they were originally chemically united ; thus an intense 
heat being applied to a mixture of chlorine and ftie vapour 
of water, occasions the production of mujiatic acid, libera- 
ting oxygen. 

Carrying out this view, it would appear that a sufficient 
intensity of heat might yield indefinite powers of decomposi- 
lion ; and there seems some probability of bodies now sup- 
posed to be elementary, being decomposed or resolved into 
fiirihor elements by the application of heat of sufficient inten- 
sity i or, reasoning conversely, it may fairly be anticipated 
that bodies, which will not enter into combination at a certain 
temperature, will enter into combination if their temperatm'e 
be lowered, and that thus new componnda may be formed by 
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a proper disposition of their constituents wten exposcj to au 
extremely low temperature, and tlie moro so if compression 
he also employed. 

In considering the effect of heat aa a mechanical force, it 
would be expected, d priori, and independently of any theory 
of heat which may be adopted, that a giyen amount of heat 
acting on a given material must produce a given amount of 
motive power; and the nest question which occurs to the 
mind is, whether the same amount of heat would produce the 
same amount of mechamcal power, whatever 1)6 the material 
acted on or affected by the heat. I will endeavour to reason 
this out OQ the view of heat which I have advocated. Heat 
iias been considered in tliis essay as itself motion or mechan- 
ical power, and quantity of heat as measured by motion. 
Thos, if by a given contraction of a body (say mercuiy) air 
within a cylioder having a moveable piston be expaadcd, the 
piston moves, and in this case the expansion or motion of the 
material (say iron) of the cylinder itself and of the air sur- 
rounding it is commonly neglected. As the air dilafea it be- 
comes colder ; in other .words, hy undergoing expansion itself, 
it loses its power of mating neighbouring bodies expand ; 
but if the piston be forcibly kept down, the expansive power 
due to the mercury continues to communicate itself to tlie 
iron and to the surrounding air, which become Loiter than 
thoy would if the piston had given way. 

Kow, in the above case, if the air be confined and its 
volume unchanged, will the expansion of the ii'on, assuming 
that it can be utilised, produce an exactly equivalent mechan- 
ical effect to that which the expansion of the air would pro- 
duce if the heat bo entirely confined to it? 

Assuming that (with the exception of bodies which ex- 
pand in freezing, where, through a limited range of tempei'a- 
turc, the converse effects obtain) whenever a body is com- 
pressed it is heated, i. e. it expands neighbouring substances ; 
whenever it is dilated or increased in volume it is cooled, i, e 
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it contracts neighbouring sutiatancea — llio .conclusion ap- 
pears to me inevitable tliat tbe medianical power produced 
by beat will be definite, or tUe same for a given ainonnt and 
intensity of beat, whatever be tbe substance acted on, 

Thus, let A be a definite source of heat, say a pound of 
mercary at tbe temperature of 400° ; let B be auotber equal 
and siimlar sotirce of heat : suppose A be employed to raise 
a piston by the dilatation of air, and B to raise another pis- 
ton by the dilatation of the vapour of water. Ima^ne the 
pistons attached to a beam, so tbat tbey oppose each other's 
aellon, aad thus represent a sort of calorific balance. If A 
being applied to air could conquer B, which is applied to 
water, it would depress or throw back the piston of the latter, 
and, by compressing the vapour, occasion an increase of 
temperature ; this, in its turn, would raise the temperature 
of the soui'ce of beat, so that we should have the anomaly 
that a pound of mercury at iOO" could heat another pound 
of mercury at 400° to 401°, or to some point higher t3ian its 
original temperature, and this without any adventitious aid: 
it wiU be obvions that this is impossible, at least contradic- 
toiy to tbe whole range of our experience. 

Tbe above expei-iment is ideal, and stated for the object 
of giving a more precise form to the reasoning ; to bring the 
idea more prominently into rehef, all statements as to quan- 
tities, specific beats, &c., so as to yield comparative results 
for given materials, are omitted. Tbe ai'gument may be 
thus stated in another form, viz. tbat by no mechanical appli- 
ance or difference of material acted on can a given source 
of heat be made to produce m.ore heat than it originally 
possessed; and that, if all be converted into mechanical 
power, an excess cannot be supposed, for that could be con- 
vei-ted into a sui-plus of beat, and be a creation of force ; and 
ft deficit cannot be supposed, for that would be annihilation 
of force. I cannot, however, see bow tbe theoretical concep- 
tion could be verified by experiment , the enormous weights 
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and the complex met'lianlcul contriyanees req^iiisito to give 
the measure of poiror yielded hj matter in its Icsa dilatable 
fortas, would bo far beyond our present experimental re- 
ourees. It would also be diffieiilt to prevent the interference 
of molecular attraetiona, inertia, &e., the overcoming of 
which expends a paj-t of the mechanical power generated, 
but ■which could hardly be made to appear in the result. 
We could not, for instance, practically realise the above con- 
ception by the construction of a macliine which should act by 
the expansion and contraction of a bar of ii'on, and produce a 
power equal to that of a steam engine, supplied with an equal 
quantity of heat. 

Camot, who wrote in 1834 an essay on the motive power 
of heat, regarded the mechanical power produced by beat as 
resulting from a transfer of heat from one point to another, 
withottt any ultimate loss of heat. Thus, in the action of an 
ordinary steaai engine, the heat from the furnace having ex- 
panded the water of the boUer and raised the piston, a 
mechanical motion is produced ; but this cannot be continued 
without the removal of the heat, or the confa-aetion of the ex- 
panded water. Tliia is done by the condenser, and the piston 
descends. But then we have apparently transferred the heat 
fi-om the furnace to the condenser, and in the transfer effecfed 
mechanical motion. 

Should the mechanical motion produced by heat he con- 
sidered &a the effect of a simple transference of heat from one 
point to another, or as the resrdt of a conversion of heat into 
the mechanical force, of which tliis motion is the result ? This 
question leads to the following : does the heat which generates 
the mechanical power return to the thermal machine as heat, 
or is it conveyed away by the worlt performed? 

If a definite quantity of air be heated it is expanded, and 
by its expansion it cools or loses some of its power of com- 
municating heat to neighbouring bodies. That which wa 
should have called heat if the expansion of tlie air had been 
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prevented, wo call lucohaulcal effect, or may view as coti\ erted 
into mechanical effect ceasing to be heat ; hnt, throwing oat 
of the question nervous senaalion, this expansion or mechani- 
cal effect is all the evidence we have of heat, for if the air is 
allowed to expand freely, this expansion, becomes the index 
of the heat ; if the air he confined, the expansion of the 
matter of tlie vessel confining it, or of tlio mercury of a tlieiv 
mometer in contact with it, &c., are the indices of the heat. 

If, agaia, the air whicli has been expanded be, by mechani- 
cal pr^STire ov by other m.eans, restored to ita original built, 
it is capable of heating or expanding other substances to a 
degree to which it would not be equal, if it liad remained in 
its expanded state. To produce continuous motion, or the 
up and down stroke of a piston, we must heat and cool, just 
as with a magnetic machine we must magnetise and demagne- 
tise in order to produce a contimious mechanical effect ; and 
although, from the impossibility of insulating heat, some heat 
is apparently lost in the process, the result may be said to be 
effected by the transfer of heat from the hot to the cold body, 
from the furnace to the condenser. But we may equally well 
say that the heat has been converted into mechanical force, 
and the mechanical force back into heat ; the effects are 
always correlative, as are the mechanical effects of an air 
pump, with which, as we dilate the mt on one side, we con 
dense it on the other ; and as we cannot dilate without t!ie 
reciprocal condensation, so we cannot heat without the recip- 
rocal cooling, or vice versS. 

Hitherto the resistances of the piston or of any superim- 
posed weight Iiave been thrown out of consideration, or, whal 
amounts to tlie same thing, it has been assumed that the 
weight raised by the piston lias descended with it. The hcaf 
has not merely been employed in dilating tlie air or vapour, 
but in raising the piston with ita weight. If, as the vapour 
is cooled, the weight be permitted to descend, its mechanical 
forraj restores the heat lost by tlie dilatatioa ; but in this case 



Hosted .vGoogle 



73 COEEELATIOB 01 

no part of the power can be abstracted so as to be employed 
for any practical purpose ; this question then follows, what 
takes place with regard to the initial heat, if, after tlie ascent 
of the piston, the weight be removed so as not to help the pis- 
ton in its descent, but to fall upon a lever or produce some 
extraneous mechanical effect? 

To answer this qiiestion, let us suppose a weight to rest 
an a piston which confines air at a definite temperature, aay 
for example 60°, in a cylinder, the whole being assumed 
to be absolutely non-oooducting for heat. A part of the heat 
of this confined air will be due to the pressure, sine*, as 
we have seen, compression of an elastic fluid produces 
beat. 

Suppose, now, the confined air to be heated to 70°, the 
piston with ifa superincumbent weight wiH ascend, and the 
temperature, in coneeqnence of the dilatation of the air, will 
be somewhat lowered, say to 69° (we will assume, for the 
sake of simplicity, that the heat engendered by the fidction of 
the piston compensates the force lost by friction). 

The piston having reached its masimum of elevation, let 
a cold body or condenser take away 20° from the temperature 
of the confined air ; the piston will now descend, and by t!ie 
compression which the weight on it produces, wiU restore the 
1° lost by dilatation, and when the piston reaches its original 
position the temperature of the air will be restored to 50°. 
Suppose this experiment repeated up to the rise of the piston ; 
but when the piston is at its full elevation, and the cold body 
applied, let the weight be removed, so as drop npon a wheel, 
or to be used for other mechanical purposes. The descend 
ing piston will not now reach its original point withont more 
heat being abstracted ; in consequence of the removal of the 
weight, tliere will not be the same force to restore the 1°, and 
the temperature will be 49°, or some fraction short of the 
original 50°. If tliis were otherwise, then, as the weight in 
felhng may be made to produce heat by frlciion, we should 
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have more lioattLan at fiist, or a creation oflicatout ofiioth- 
mg — in otlief words, perpetual motion. 

Let ua no-w assume that this 20° supplied in the first iu- 
gtance was yielded by a body at 90°, of such size and material 
that its total capacity for heat is equal to that of the mass of 
confined air ; this body would be reduced in temperature to 
70°, in other words, our furnace would have lost 20° of heat. 
Let the cold body of the same size and material, used as a 
condenser, be at 80°. In tLe first experiment, the body at 
30° would bring back tie piston to its original point ; but in 
the second esperiment, or tbat where tiie weight has been 
rcmoycd, the body at 30° would not suffice to restore the pis- 
ton : to effect tliis, tlie cold body or condenser must be at a 
lower temperature. 

The question in Carnot's theory, which is not esperi- 
mentoUy resolved, and which presents extreme esperimontal 
difficuity, is the following; Granted that a piston with a 
superimposed weight be raised by the thennic expansion of 
confined gas or vapour bel w t if th elastic medium he 
restored to its ori^nal temi i \j -"ling, the weight in 
depressing the piston will est th t portion of the heat 
which has been lost by th pan n n 1 by the mechanical 
effect consequent thereon but if th w 1 1 be removed when 
at its maximum of elevation, anl the piston be brought back 
to its starting point by a necessarily cooler body tlian could 
restore it if the weight were not removed, wonld the return of 
the piston now restore the heat which had been lost by the 
dilatation, or, in other words, would pulling the piston down 
by cold restore the heat equally with the pressing it down by 
mechanical force? The argument from the impossibility of 
perpetual motion would say no, for if all the heat were 
restored, the mechanical effect produced by the fall of the 
weight, or the healing effect which might be made to 
result from this mcchaaiml power, would be got from 
nulhiii';. 
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Then follows another question, via. ■whether, where an ex- 
ternal or derived mechanical effect has hcen obtained, would 
the return of the piston, effected without the weight or exter- 
nal force to assist it, but solely by the colder body, give to 
tliis latfor the same number of thermoraetric degrees as had 
beea lost by the hot body in the first instance? Suppose, for 
instance, the cold body in our experiment to be at 20° instead 
of 30°, would this body gain 20°, and then reach the tempera- 
ture of iO° when tlie piston is brought back, or would its 
temperature be higher or lower than 40° ? The argument 
fi^m. the impossibility of perpetual m.otioii does not apply 
here, for it does not necessarily follow that 20', on the ther- 
mometrie seaJo from 20° to 40°, represents an equal amount 
of force to 20° on the scale from 70° to 90°, and therefore it 
is quite conceivable that we may lose 20" from the furnace, 
and gain 20° in the condenser, and yet have obtained a cer- 
tain amount of derived mechanical power. It will also follow, 
upon a considerafioa of the above imaginary experiments, 
that the greater the mechanical power required, the greater 
should be the difference between the temperature of tiie 
furnace and that of the condenser ; but the exact relation in 
temperature between these, for a given mechanical effect, has 
not, as far as I am aware, been satisfactorily established by 
experiment, though it has been shovra tliat steam at high 
pressure produces, comparatively, a greater mechanical 
effect for the same number of degrees than steam at low 
pressure. 

Camot, assuming the num.ber of degrees of temperature 
to be restored, but at a lower point of tlie thermometric scale, 
termed this the fall (chute) of caloric. The mechanical effect 
of heat, on this view, may be likened to that of a series of 
cascades on water-wheels. The highest cascade turns a 
wheel, and produces a given mechanical effect ; the water 
which has produced this cannot again effect it at the same 
level without being carried back to its original elevation, i. e. 
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V/itkoui au extra force bemg employed equivaloiit to, or 
ra-her a fraction more than the force of the descending 
water ; but though its power ia spent with reference to the 
first wheel, the same water may, by falhug over a new 
precipice upon a second wheel, again reproduce the same 
mechanicaJ effect (strictly speaking, rather more, for it has 
approximated the centre of gravity), and so on, until no 
lower fall can be attained. So with heat: it involves no 
necessity of assuming perpetual motion to suppose that, after 
a given mechanical effect, produced by a certain loss of heat, 
the number of degrees lost from the original temperature 
may be restored to the condenser, but at a lower point of tlie 
thcrmomotiic scale. 

If work has been done, i. e. if force has been parted 
with, the original temperature itself cannot be restored, but 
tliero is no d priori impossibility in the same number of 
degrees of heat as have been converted into work being con- 
veyed to a condensing body so cold that, when it receives this 
heat, it wiU still be below the original temperature to which 
the work-producing heat was added. 

In the theory of the steam-engine, this subject possesses 
a great practical interest. Watt supposed that a given 
weight of water required tlie same quantity of what ia 
termed total heat (tliat is, the sensible added to the latent 
heat) to keep it in tiie state of Tapour, whatever was the 
pressure to which it was subjected, and, consequently, how- 
ever its expansive force yaried, Clement Desormes was 
also supposed to Lave experimentally verified this law. If 
this were so, vapour raising a piston with a weight attached 
would produce mechanical power ; and yet, the same heat 
existing as at first, there wotild be no expenditure of the 
initial force ; and if we suppose that the heat in the condens- 
er was the real representative of the original heat, we 
should get perpetual naotion. Southern supposed that the 
latent heat was constant, and that the heat of vapour ondei' 



Hosted .vGoogle 



76 COKBELATIOH OF 

preaeure increaaed aa the sensible heat, M, Desprelz, in 
1832, made some experiments, which led him to the cou- 
clasion that the increase was not ia the same ratio as the 
sensible heat, but that yet there was an increase ; a result 
eoufiimed and Terifled with great accuracy by M. Eegnault, 
in some recent aad elaborate researches. What seems to 
have occasioned the error in Watt and Clement Desormes' 
Biperiments was, the idea involved in the term latent heat ; 
by which, supposing the phenomenon of the disappearance of 
sellable heat to be due to the absorption of a material sub- 
Btance, that substance, ' caloric,' was thought to be restored 
when the vapour was condensed by water, even though the 
water was not subjected to pressure ; but to estimate the 
total heat of vapour under pressure the vapour should be 
condensed while subjected to the ssime pressure as that under 
which it is generated, as was done in M. Despreta and M. 
Regnault's experiments. 

M. Seguin, in 1839, controverted the position that derived 
power could be got by the mere transfer of heat, aad by 
calcvdafioa from certain known data, such as the law of Mar- 
iotte, viz. that the elastic force of gases and vapours increas- 
ed dire.etly with the pressure ; and assuming that for vapour 
between 100° and 150° centigrade, each degree of elevation 
of temperature was produced by a thermal nnit, lie deduced 
the equivalent of meelianical wort capable of bemg perform- 
ed by a given decrement of heat ; and thus concluded that, 
for ordinary pressures, about one gramme of water losing 
one degree centigrade would produce a force capable of rais- 
ing a weight of 500 giammes through a ipace of one metre : 
this estimate is a little beyond that given by the converse ex- 
perimeats of Mr. Joule, already stated, in which the heat 
produced by a given amount of mechanical action is estimat- 
ed. I am not aware tliat the amount of mechanical work 
winch is produced by a given quantity of heat has been di- 
rectly established by experiment, though some approximative 
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results iu particular cases have been given. Tlieoretically it 
should he the same— that is to say, if a fall of 772 lbs. 
through a apace of one foot wiU raise the temperature of 1 lb, 
of water through one degree of Fahrenheit, then tie fall in 
the temperature of 1 lb. of water through one degree of Fah- 
renheit should be able to raise 772 lbs. through a space of 
one foot. The calculations of M. Seguin are not far froia 
tMs, hot since the elaborate experimenta of M, Eegnault Jie 
has expressed some doubt of the correctness of his former 
estimate, as by these experimenta it appears that, within cer- 
tain limits, for elevating tlie temperature of compressed va^ 
pour by one degree, no more than about three-tenths of a de- 
gree of total heat is required ; consequently, the equivalent 
multiplied in this ratio would be 1,666 grammes, instead of 
500. Other investigators have given numbers more or less 
discordant ; so that, without giving any opinion on their dif- 
ferent results, this question may be considered at present far 
from settled. M. Eegnavdt himself does not give the law by 
which the ratio of heat varies with reference to the pressure, 
and is stiU believed to be engaged in researches on the sub- 
ject — one involving questions of which experiments on the 
mechanical effects of elastic fluids seem to offer the most pro- 
Lcising means of solution. 

I have endeavoured to give a proof (by showing the 
anomaly to which the contrary conclusion would lead) that, 
whatever amount of mechanical power is produced by one 
mode of application of heat, the same should, in theory, bo 
equally produced by any other mode. But in practice the 
difference is immense ; and therefore it becomes a question 
of great interest practieaOy to aseertain what is the most 
■ convenient meditun on which to apply the heat employed, and 
the best machinery for economising it. One great problem 
to be solved is the saving of the heat which the steam in or- 
dinary engines, after having done its work, cariits into the 
in the high-pressuio engine, into the air. Il 



Hosted .vGoogle 



78 COEEELA'nON OF rHVEICAL FOECES. 

la argued you have B large amouat of fuel consumed to raiao 
water to the hoiling point, at wliicli ita efficiency as a motive 
agent commeBcos. AStar it has done a email portion of work, 
and while it stUl retains a very laige portion of the heat ori- 
ginally communicated to it, you luject it, and have to start 
again with a fresh portion of Bte^m which has Bunilaily ex- 
hausted fticl — in other words, you throw away all, and moie 
than all the heat which has been employed m lai'^mg tta 
crater to the hoiling point. Vaiious plans havi heen devised 
to remedy this. Using again the waim water of the conden- 
ser to feed the holler regains a pirt, but a ■very small pait, of 
the heat. Employing tie eteam hist foi a high preasuie, and 
then before its rejection or eondcnaation using it for a low 
pressure, cylinder, is a second mode ; a third is to use the 
steam, aiUr it lias done its work on the piston, as a source of 
heat or second furnace, to hoil ether, or some liquid which 
evaporates at a lower temperature than water. These plans 
iiave certain advantages ; but the complexity of apparatus, 
the danger from combuslion of ether, and other reasons, 
have hitherto precluded their general adoption. Under the 
icrm regenerating engine various ingenious combinations 
have lately been suggested, and some experimental engines 
tried, with what success it is perhaps too early at present to 
pronounce an opinion. The fundamental notion on which 
this class of engine is based is iliat the vapour or air, when 
it has performed a certain amount of work, as by raising a 
piston, should, instead of being condensed or blown off, be 
retained and again heated to its original high temperature, 
aod then used lie mofo; or that it shonld impart its heat to 
some other substance, and the latter in torn impart it to the 
fresh vapour about to act. The latter plan has been proposed 
by Mr. Ericsson ; he passes the air which has done its 
work through layers of wire gauze, which are heated by the 
rejected air, and through which the next charge of air is 
made to pass. M. Seguin and Mr. Siemens have < 
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ed machines upoa the former principle, which arc said to 
have given good experimental results. There is, however, 
a theoretical difficulty in all tiiese, not aiiccting their capabil- 
ity of acting, but affe<rting the question of economy, which it 
does not seem easy to escape ixom, Wliether the heated ail 
or vapour bo retained, or whetiior it yield it3 heat to a metal- 
lic or other substance, this heat must exercise its usual i-epul- 
aive force, and this mnst re-aet either against the retoming 
piston or against the iueoming vapowr, and require a greater 
pressure in that to neutralise it. Vaponr raising a piston anil 
producing mechanical force effects this with decreasing power 
in proportion as the piston is moved. At a certain point tho 
piston is arrested, or the stroke, as it is termed, ia completed, 
but there is still compressed vapour in the cylinder cspablS 
of doing work, but so little that it is, and must in practice 
be neglected ; if this compressed vapour be retained, the pis- 
ton cannot be depressed without an extra force capable of 
over coming tlie resistance of this, so to speak, semi-compress- 
ed vapour, in addition to thatwhichis requisite to produce the 
normal work of the machine ; and in whatever way the resi- 
dual force be retained, it must either be antagonised at a loss 
of power for tho initial force, or at most can only yield the 
more feeble power which it would hove originally given if it 
had been aUovired to a«t for a longer stroke on the piston. It 
may be that a portion of this residual force may be econo- 
mised ; indeed, this is done when the boiler is charged with 
warm water from the condenser, instead of with cold water ; 
but some, indeed a notable loss, seems inevitable. 

Without farther discussing the varions inventions and the- 
ories on this subject, which are dafly receiving increased de- 
velopment, it may be well te point oat how far nature dis- 
tances art in its present state. According to some caroiul es- 
timates, the most economical of our furnaces consume from 
ten to twenty times as much fuel to produce the same quantity 
of he.tt as aa animal produces ; and Matteucci found that- 
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from a given consumption of zinc in a voltaic battery; a far 
greater mechanical effect could te produced by making it act 
on tlie limbs of a reeenily-kiUed frog, notwithstanding the 
manifold defects of such an an-angemeat and its inferiority 
to die action of the living animal, than when the same ha1> 
tery was made to produce mechanical power, by acting on an 
electro-magaetic or other artificial naotoi' apparatus. The ratio 
in his experiments was nearly six to one. Thus in all our arti- 
ficial combinations we can but apply natural forces, and with 
fer inferior mechanism to that which is perceptible in the 
economy of nature. 

ITature is made better by no mean ; 
But nature makes that moan ; so o'er that art, 
Which you say adds to natm-e, ia an art 
That nature makes. 

A speculation has been thrown out by Mi'. Thompson, 
that, as a certain amount of heat results from mechanical ac- 
tion, chemical action, &c., and this heat is radiated into space, 
there must he a gradual diminution of temperature for the 
eartli, by wMch expenditure, however slow, being continuous, 
it would ultimately be cooled to a degree incompatible with 
the existence of animal and vegetable life — In short, Uiat the 
earth and the planets of our system are parting with more 
heat thaa they receive, and are tlierefore progressively cool- 
ing. Geological researches support to some extent this view, 
as they show that the climate of many portions of the terres- 
trial surface was at remote periods hotter than at the preseut 
time : the animals whose fossilised remains are found in an- 
cient strata have their organism adapted to what we should 
now term a hot climate. There are, however, so many cir- 
cumstances of difficulty attending cosmical speculations, 
that but little reliance can he placed upon the most profound. 
We know not the original source of terrestrial heat ; stiU 
less that of tlie solar heat ; we know not whether or not sjit- 
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toms of planets may be so constituted as to communicate 
forces, mter se, eo that forces which have hitherto escaped 
detection may be ia a continooua or recurring state of inter 
change. 

The raovements produceiJ by mutual gravitation may he 
the means of ealhng into existence molecular forces within 
llie substances of the planets themselves. As neither from 
obsoi-vation, nor from deduction, can we fix or conjecture any 
boundary to the universe of stellar orbs, as each advance in 
telescopic power gives us a new shell, so to speak, of 
stars, we may regard our globe, in thelunit, assurrouniludby 
a sphere of matter radiating heat, light, and possibly other, 
forces. 

Such stellar radiations would not, from tho evidence we 
have at present, appear sufficient to supply fbe loss of heat 
by terrestrial radiations ; but it is quite conceiFable that the 
whole solar system, may pass through portions of space hav- 
ing different temperatures, as was suggested, I believe, by 
Poisson ; that as M'e have a torrestrial summer and winter, 
so there may be a solar or systematic summer and winter, in 
which case the heat lost during the latter period might be re- 
stored during the former. The amount of the radiations of 
the celestial bodies may again, from changes in theirpositions, 
vary through epochs wiiich are of enormous duration as re- 
gards the existence of the human species. 

The views of Mr. Thompson differ from those of Laplace, 
recently enforced by M. Eabinet, which suppose the planets 
to have been formed by a gradual condensation of nebulous 
matter. A modification of this view might, perhaps, be sug- 
gested, viz. that worlds or systems, instead of being created 
as wholes at definite periods, are gradually changing by at^ 
mospherie additions or subtractions, or by accretions or dim- 
inutions arising from nebulous substance or from meteoric 
bodies, so that no star or planet could at any time be said to 
be ci-eated or destroyed, or to be in a state of absolute stabil- 
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ity, but tliat some may bo increasing, others dwindling away, 
and so tliroTighout tlie universe, in the past as in the future. 
When, however, questions relating to cosmogony, or to the 
beginning or end of worlds, are contemplated from a physi- 
cal point of view, the period of time over which our es^peri- 
ence, in its moat enlarged ecnae, extends, is so indefinitely 
minute with reference to that which must be required for any 
notahle change, even in our own planet, that a variety of the- 
ories may he framed equally incapable of proof or of die- 
proof. We have no means of ascertaining whether many 
changes, which endure in the same dircotioa for a term be- 
yond the range of human experience, are really continuous or 
only secular VEiriations, which may be compensated for at 
periods far beyond our ken, so that in such cases (he ques- 
tion of comparative stabihty or change can at best be only 
answered as to a term which, though enormous with refer- 
ference to our computations, sinks into nothing with reference 
to cosmical time, if cosmical time be not eternity. Subjects 
Bueh as these, though of a kind on which the mind delights 
to speculate, appear, with reference to any hope of attaining 
reliable knowledge, far beyond the reach of any present or 
iounediately prospective capacity of man. 
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IV. ELECTKIOITY. 

ELECTEICITY is tJiat affection of matter or mode of 
force wlilcli moat distjnctJy and bcautifiiUy relates otiier 
modes of force, and exhibits, to a great extent in a quantita- 
tive form, its own relation with tiem, and their reciprocal 
relations with it and with each other. IVom tho manner 
io which the peculiar force called electricity is seemingly 
transmitted throngh certain bodies, such m metallic wii-es, 
the term eurrent is commonly used to denote its apparent 
progress. It is very difficult to present to the mind any 
theory which wiU. give a definite conception of its modus 
agmii: the early theories regard its phenomena as produced 
either by a single fluid idio-repulsive, but attractive of aU 
matter, or else as produced by two fluids, each idio-repiilaive 
but attractive of the other. No substantive theory has been 
proposed other than these two ; but although tliis is the case, 
I tliink I shall not be unsupported by many who have atten- 
tively studied electrical phenomena, in viewing them aa re- 
sulting, not from the action of a fluid or fluids, but as a mole- 
cular polarisation of ordinary matter, or as matter acting by 
attraction and repulsion in a definite direction. Thus, the 
transmission of tlie voltaic current in liquids ia viewed by 
Grotthua as a series of chemical affinities acting in a definite 
direction : for instance, in the electrolysis of wator,i, e, its 
decomposition whea placed between the poles or electrodes 
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of a voltaic battery, a molecule of oxygen is snppoacJ to be 
displaced by the exalted atiractioa of tJie neighboiiring elec- 
trode ; the hydrogen liberated by this displacement unites 
with tiie oxygen of the contiguous molecule of water ; this in 
turn liberates its hydrogen, and so on ; the current being 
nothing else tlmn this moIecTilai transmission of cTiemicoi 
affiaily. 

There is strong reason for believing that, with some ex- 
ceptions, such 03 fused metals, liquids do not conduct elec- 
tricity without undergoing decomposition ; for even in those 
extrem.e cases where a trifling effect of conduction is appar- 
enUy produced without the usual elimination of substances at 
the electrodea, the latter when detached from the circuit 
show, by tlie connter-cnrrent which they are capable of pro- 
ducing when immersed in a fresh liquid, that their superficial 
state hi^ been changed, doubtleas by the determination to 
the surfaces of minute layers of substaaces having opposite 
chemical characters. The question whetlier or not a minute 
conduction in liquids can take place unaccompanied by chemi- 
cal action, has however been much agitated, and may be re- 
garded as inter apices of the science. 

Assuming for the monaent electrolysis to be the only 
known electrical phenomenon, electricity would appear to con- 
sist in transmitted chemical action. All the evidence wo 
have is, that a certain affection of matter or chemical change 
takes place at certain distant points of space, the chai^ at 
one point having a definite relation to the change at the 
other, and being capable of manifestation at any intermediate 
points. 

If, now, the electrical efiect called induction be examined, 
the phenomena will be found equally opposed to the theory of 
a fluid, and consistent with, that of molecular polarisation. 
When an electrified conductor is brought near another which 
IB not electrified, the latter becomes electrified by influence or 
induction, as it is tei-med, the nearest parts of each of those 
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Iwo bodies exhibiting states of electricity of the contrary 
deuominations. Until this subject was investigated by Fai-a- 
day, the intervening non-condiicting body or dielectric waa 
supposed, to be purely negative, arid the effect was attributed 
to the repnlsion at a distance of tho electrical fluid. Fara- 
day showed that these effects differed greatly according to the 
dielectric that was ialerposed. Thus they were more exalted 
with sulplinr than with shellac ; more with shellac than with 
glass, &c. Matteucei, though differing from E'araday as to 
the explanation he gave, added some experiments which prove 
that the intervening dielectric is moleeuiarly polarised. Thus 
a number of thin plates of mica are superposed like a pack 
of cards ; metaHie plates are applied to the outer facings, and 
one of them eleetrilied, so that the apparatus is charged like 
a Ijeyden phial. Upon separating the plates with insulating 
handles, each plate is separately electrified, one side of it 
being positive and llie otlier negative, showing very neatly 
aad decisively a polarisation throughout the intervening sub- 
stances by the effect of induction. 

Indeed, chemical aetion or electrolysis may, as I Iiave 
shown, be transmitted by induetioii across a dielectric sub- 
stance, sach as glass, but apparently only while the glass is 
being charged with electricity. A wire passing through and 
hermetically sealed into a glass tube, a short portion only pro- 
jecting, IS made to dip into water contained ia a Florence 
flask ; the flask is immersed in water to an equal deptb with 
Ibat within it; the wire and another similar wire dipping 
Into the outer water are made to communicate metallieaUy 
with tie powerful electrical machine known as Ehumkorfs 
coil ; bubbles of gas instantly ascend from the exposed por- 
tions of tho wires, but cease after a certain time, and are 
renewed when, after an inter^-al of separation, the coil is 
Rgain connected with the wires. 

The following interesting experiment by Mr. Karsten 
goes a step farther in corroboration of the molecular clmnges 
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consequent upon electrisation : A coin ia placed on a pack o( 
tliin plates of glaaa, and then electrified. On removing llie 
coin and breathing on the glasa plate, an impression of the 
coia is perceptible ; this shows a certain molecular change on 
the surface of the glass opposed to the plate, or of the Tapours 
condensed on such surface. This effect might, and has been 
iLterpreted as arising from a film of greasy deposit, supposed 
to exist on the plate ; the impressions, however, have been 
proved to penetrate lo certain depths below the surface, and 
not to be removed by polishing. 

The following esperiment, however, goes farther ; On 
separating carefully the glass platea, images of the coin can 
be developed on each of the aurfitces, showing tiiat the mole- 
cular change has been transmitted through the subatance of 
the glass ; and we may thence reasonably suppose that a 
piece of glass, or other dielectric body, if it could be split up 
while under the influence of electric induction, would exhibit 
some molecular change at each side of each lamiEa, however 
minutely suhdivided. I have succeeded in farther extending 
this experiment, and in permanently fixing the images thus 
produced by electricity. Between two carefully-cleaned glass 
plates is placed a word or device cut out of paper or tinfoil ; 
sheets of iiufoil a little smaller than the glass plates are 
placed on the outside of each plate, and these coatings are 
brought into contact with the ferniinala of Ehumkorf s coil. 
After electrisation for a few seconds, the glasses are sepa- 
rated, and their interior surfaces exposed to the vapour of 
hydrofluoric acid, which acts chemically on glass ; the por 
tions of the glass not protected by the paper device are coi-- 
roded, while thoae so protected are nntauched or less 
affected by the acid, so that a permanent etching is thus 
produced, which nothing but disintegration of the glass will 
efface. 

Some further experiments of mine on this subject brmg 
out in a still more striking manner these curious molecular 
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ikangea. One of tlic plates of glass Iiavii g been elcota'jficd 
m the maimer just mentioned, is coated, on the side impressed 
with the invisible electrical image, with a film of iodised 
collodion in the manner usually adopted for photographic 
purposes ; it is then in a dark room immersed in a solntioQ 
of nitrate of siivee ; then exposed to difiusc light for a few 
secoads. On pouring over the collodion the usual solution 
of pjTOgallic acid, the invisible electrical image is brought 
out aa a dark deviceonalightground, and can be permanently 
fixed by hyposulphite of soda. The point worthy of obser- 
vation ia this experiment is, that this permanent image exists 
in the collodion fihn, which can he stripped off the glass, dried, 
and placed on any olier surface, so that tJie molecular change 
consequent on electrisation has communicated, by contact or 
cloae proximity, a change to the film of collodion corres- 
ponding in form with (hat on the glass, but being undoubtedly 
of a chemical nature. Electricity lias, moreover, in this ex- 
periment so modified the suriace of glass, that it can, in its 
turn, modify the structure of anoilier substance so as to alter 
the relation of the latter to light. It would require a carious 
complication of hypothetic fluids to explain this ; but if elec- 
tricity and light be supposed to be affections of ordinary pon- 
derable matter, the difflculty is only one of detail. 

If, again, we examine the electricity of the atmosphere, 
when, as la usually the case, it is positive with respect to that 
of the earth, we find that each successive stratum is positive 
to those below it and negative to those above it ; and the con- 
verse is the case when the electricity of the atmosphere is 
negative with respect to that of the earth. 

If another electrical phenomenon be selected, another sort 
of change will be found to have taken place. The electric 
spark, the brush, and similar phenomena, the old theories 
regarded as actual emanations of the matter or fluid, Eleo 
tricity ; I venture to regard them as produced by an emission 
of the material itself from whence they issue, and a moleeulp-r 
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action of tho gas, or intermedium, throiigh or across whicb 
they are transmitted. 

The colour of the electric spark, or of the Toltaic arc (i. 
e. the flame which plays between the tenniiial points of a 
powerful voltaic battery), is dependent upon the substance of 
the metal, subject to certain modiii cations of the intermedium ; 
tbua, the electric spark or arc from, zine is blue ; firom silver, 
green ; from iron, red and scinlillating ; precisely the colours 
afforded by these metals in their ordinary combiistion. A 
portion of the metal is also found to be actually transmitted 
with every electric or voltaic dbcharge : in the latter caae, 
indeed, where tho quantity of matter acted upon is greater 
than in the former, the metallic particles emitted by the elec- 
trodes or terminals can be readily collected, tested, or even 
weighed. It would thus appear that the electrical disoliarge 
arises, at least in part, fi»m an actual repulsion and sever- 
ance of the electrified matter itself, which flies off atlhepointa 
of least resistance. 

A careful examination of the phenomena attending the 
electric spark or the voltaic arc, which latter is the electric 
disruptive discharge acting on greater portions of matter, 
tends to modify considerably our previous idea of the nature 
of the electric force as a producer of ignition and combustion. 
The voltaic are is perhaps, strictly speaking, neither ignition 
nor combustion. It is not simply ignition ; because the mat- 
ter of tlie terminals is not merely brought to a state of incan- 
descence, but is physically separated and partially transferred 
from one electrode to another, much of it being dissipated ia 
a vaporous state. It is not combustion ; for the phenomena 
will take place independently of atmospheric air, oxygen gas, 
or any of the bodies usually called supporters of combustion, 
combustion being ia feet chemical union attended with heat 
and light. In the voltaic arc we may have no chemical union ; 
for if the esperiment be performed in an exhausted receiver, or 
in nitrogen, the substance forming the electrodes is condensed. 
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RDtt precipitated uijou the iuterior of the vessel iu, chcmicallj 
epcaking, an unaltered state. Thus, to tate a very striking 
example, if the vohaic discharge be taken between zinc ter- 
minals in an exhausted receiver, a fiae black powder of zinc 
is deposited on the sides of the receiver ; this can be collect- 
ed, and takes Are readily ia the air by beiag touched with » 
match, or ignited wire, instantly burning into white oxide ol 
eine. To an ordinary observer, the zinc would appear to be 
bamed twice — first in the receiver, where the phenomenoa 
presents all the appearance of combustion, and secondly in 
the real conibaBtion in air. With iron tho experiment is 
equaDy instructive. Iron is volatilised by the voltaic arc in 
nitrogen or in an exhausted receiver ; and when a soareely 
porceptiblo lUm has lined the receiver, this is washed with an 
acid,whichthengives,withferrocyanideof potassium, the prua- 
sian-blue precipitate. In this case we readily distil iron, a 
metal by ordinary meaas fusible only at a very high tempera- 

Aaother strong evidence that the voltaic discharge con- 
sists of the material itself of which the terminals are compos- 
ed, is the peculiar rotation which is observed in the light 
when iron is employed, the magnetic character of this metal 
causing its molecules to rotate by the infiuence of the voltaic 
current. 

If we increase the number of reduplications in a voltaic 
scries, we increase the length of the arc, and also increase its 
intensity or power of overcoming resistance. With a battciy 
consisting of a limited number, say 100 reduplications, the 
discharge wiU not paas Ixom one terminal to the other with- 
out first bringing them into contact, but if we increase tlie 
number of cells to 400 or 500, the discharge wiU pass from 
one terminal to the other before they are brought into contact. 
The difference between what is called Franilinic electricity, or 
that produced by an ordinary electrical machine, and voltaic elec- 
tricity, or that produced by the ordinary voltaic battery, ia thai 
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the former is of mncb greater intensity than the latter, or has a 
greater jiower of oYercoming resistance, but aeta upon a mu«h 
smaJIer quantity of matter. If, then, a voltaic battery be 
furmeJ with a view to increase the intensity and lessen the 
quaatity, the cliaraoter of the electrical phenomena approxi- 
mate those of the electrical machine. In order to effect this, 
Ihe sizes of the plates of the battery and thence the quantity 
of matter acted on in each cell, must be reduced, but the 
numberof reduplicationsincreased. Thusif iaabatteiyof 100 
pairs of plates each plate be divided, and the battery be an aoged 
80 as to form 200 pairs, each being half the original size, the 
quantitative effects are diminished, and the effects of mtenii- 
ty inerea&ed. By carrying on this sub-division, dinmiishiug 
the sizeK and increasing the number, as is the case m the vol- 
taic piles of Deluc and Zamboni, effects are ultimately pro- 
duced similar to those of Franklinic electricity, and we thus 
gradually pass from tlie voltaic arc to tlie spark or electric 
discharge. 

This discharge, as I have abeady stated, has a colour de- 
pending in part upon the nature of the terminals employed. 
If these terminals be highly polished, a spot will be observed, 
even in the case of a small electric spark, at tlie points from 
which the discharge emanates. The matt«r of the terminals 
is itself affected ; and a transmission of this matter across 
the intervening space is detected by the deposition of minute 
quantities of the metal or substance composing the one, upon the 
other terminal. 

If the gas or elastic medium between tiio terminals ba 
changed, a change takes place in the length or colour of the 
discharge, showing an affection of the intervening matter. 
If the gas be rarefied, the discharge gradually changes with 
the degree of rarefaction, from a spark to a luminous glow or 
diffuse light, differing in colour in different gases, and capable 
of extending to a much greater distance than when it takes 
place in air of the ordinary density. Thus, in highly attetiU' 
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iiled air ii discliargo may be made to pass across six or seven 
feet of space, while in air of the ordinary density it lyould 
not pass across an inch. An observer regarding the beauti- 
ful phenomena exLibited by lliia electric discharge in atfemia- 
teJ gas, which, fiom some degree of similarity in appear- 
ance to the Aurora Borealis, has boon called the electric Au- 
rora, would have some diflculty in believing such effects 
could he due to an action of ordinary matter. The amount 
of gas present is extremely small ; and the terminals, to a 
cursory examination, show no change after long experiment- 
ing. It is therefore not to be wondered at that the first ob- 
servers of this and similar phenomena, regarded electricity 
as in itself Bomething — as a specific existence or fluid. Evea 
in this estremecase,however,uponamore careful examination 
we shall find that a change doca take place, both as regards the gas 
and as regards the terminals. liCt one of these consist of a high- 
ly-polished metal — a silver plate is one of the best materials for 
the purpose — and let thedischarges in attenuated atmospheric 
airtabe place frama point, saya common sewingneedle,toth9 
surface of the polished silver plate ; it will he found that this 
is gradually changed in appearance opposite the point — it is ox- 
idated, and gradually more and more corroded as the discharge 
is continued. 

If now the gaa be changed, and highly-rarefied hydrogen 
bo suhstituted for the rarefied air, all other things remaining 
the same, upon passing the discharges as before the oxide 
will ho cleared off the plate, and the polish to a groat extent 
restored — not entirely, because the silver has been disinte- 
grated by the oxidation — and the portion which has boon af- 
fected by the discharge will present a somewhat different ap- 
pearance fi-'om the remainder of the plate. 

A question will probably here occur to the reader : — ^What 
will be the effect if there be not an oxidating medium pres- 
ent, and the experiment be first performed in a rarefied gas, 
which possesses no power of chemically acting on the plate? 
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la tliis case there will still lie a molecular change or disinte- 
gration of the plate ; the portion of it acted on hy the liis- 
eharge ■will present a different appearance from that. ■wMdi is 
beyond its rea«h, and a whitish film, somewhat similar to 
that seen on the mercnrialisftd portions of a daguerreotype, 
will gradually appear on the portion of the plate affected by 
the discharge. If the gas be a compound, as carbonic oxide, 
oramixtiirG,asoxygon and hydrogen, andconseqnently contain 
elements capable of producing oxidation and reduction, then 
the effect upon the plate will depend upon whether it be pos- 
itiye or negative ; in the former case it will be oxidated, in 
the latter the oxide, if existing, will be reduced. This effect 
will also take place in atmospheric air, if it ho highly rare- 
fied, and can hardly be explained otherwise than by a mole- 
cular polarisation of the compound gas. If, again, the metal 
be reduced to a small point, and be of such matTiil that tht 
gas eaanot a^'t chemicaDy upon it, it can yet be -ihown to bo 
disintegrated by the electric spark. Thus, let a flue plati- 
num wire be hermetically sealed in a glass tube, and the ex- 
treraityof the tube and the wue ground toaflats«rface,soasto 
expose a section only of the wire ; after taking the discharge 
from this for some time, it will be found that the platinum 
wire is worn away, and that its termination is sensibly below 
the level of the glass. If the discharges from such a plati- 
num wire be taken in gas contained in a narrow tube, a dond 
or film consisting of a deposit of platinum will be seen on 
the part of the tube surrounding the point. 

Another curious effect which, in addition to the above, I 
have detected in the electrical discharge in attenuated media, 
is that when passing between terminals of a certain form, as 
from a wire placed at right angles to a polished plate, the dis- 
charge possesses certain phases or fits of an alternate character, 
BO that, instead of impressing an uniform mark on a poHshcd 
plate, a series of concentric rings is formed. 

Priestley observed that, after the discharge of a Leyden 
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battery, rings consisting of fused globules of metal were 
foiTued on tlie terminal plates ; in my osperimeuts made in 
attenuated media, alternate rings of oxidation and deoxida- 
tion are formed. Tl us it tl e plate be polished, coloured 
rings of oxide will al ema e w li rings of polisi.ed or unoxi- 
dat«d surface ; anl f the pla e he previously coated with an 
ttoiform film of ox e he ox de will he removed in concen- 
tric spaces, and n e sel m the alternate ones, showing a 
lateral alternation of positive and negative electricity, or 
electricity of opposite cliaracter in the same discharge- 
It would he hasty to assert that in no case can the electri- 
cal disruptive di&diarge take place without the terminals be- 
ing affected. I have, however, seen no instance of such a re- 
Eult where the discharge has been sufficiently prolonged, and 
the terminals in such a state as could he expected to render 
manifest slight changes. 

The next queslioa which would occur ia following out the 
enquiry which has been indicated, would probably be, "Wliat 
is the action npon the gas itself? is tliis changed in any mau- 
cer? 

In answer to this, it must be admitted that, in the present 
state of experimental knowledge on this subject, certain 
gases only appear to leave permanent traces of their having 
been changed by the discharge, while others, if affected by 
it, which, as will be presently seen, there are reasons to be- 
lieve they are, return to tbeir normal state immediately after 
the discharge. 

Ia the former class we may place many compound gases, 
as ammonia, olcfiaat gas, protoxide of nitiDgen, deutoxide 
of nitrogen, and others, which ai'e decomposed by the action 
of the discharge. Mixed gases are also chemically combined : 
for instance, oxygen and hydrogen unite and form water; 
(jommon air gives nitric acid ; chlorine and aqueous vapour 
give oxygen, the chlorine uniting with the hydrogen of the 
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But, further than tliis, in tho case of certain elemcntaiy 
gases a permaEent change is effected by the cIcetricEJ dis- 
charge. Thus, oxygen submitted to the discharge is par- 
tially changed into the substance now considered to be an al- 
lotropic condition of oxygen ; and there is reason to believe 
that when the change takes place, there is a definite pohir 
condition of tlie gas, and that definite portions of it are affected 
—that in a certain sense one portion of the oxygen bears 
teroporarily to the other the relation which hydrogen ordina- 
rily docs to oxygen. 

If tho discharge be passed through the vapour of phos- 
phorus in the vacuum of a good air-pump, a deposit of allotro- 
pie phosphorus soon coats the interior of the receiver, show- 
ing an analogous change to that produced in oxygen ; and in 
this case a aeries of transverse bands or stratifications appears 
m the diSLharge, showing a most striking alteration ia its 
physical character, dependent on the medium across which it is 
Iransmitted These effects were first observed by me in 
the year 1853, They have, since been much examined by 
continental philosophers, and much extended by Mr. Gassiot ; 
but no satisfactory j'oiiowafo of them has yet been given. 

Tliere are many gases which either do not show any per- 
manent change, or (which is more probably the case) tlie 
changes produced in them by the electrical discharge have 
BOt yet been detected. Even with these gases, however, the 
difference of colour, of length, or of the different position of 
a certain dai'k space or spaces which appear in the discharge, 
show that the discharge differs for different media. We nev- 
er find tliat the discharge has itself added to or subtracted 
from the total weight of the substances acted on : we find no 
evidence of a fluid but the visible phenomena thomsclvea ; 
and those we may account for by the change which takes 
place in the matter affected. 

I have here, as elsewhere, nsed words of common accep- 
tation, such as 'matter affectedby the discharge,' &c.,thongh 
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npon tte view 1 am suggesting, the disdiarge is itself this 
(iffcctiou of matter : and the "writing tLese passages affords, 
to me at least, a striking instance of how much ideas are 
bound up in ■words, ■when, to express a view differing from 
the received one, ■words involving the received one are neces- 
Borily used. 

Passing now to the effect of the transmission of electri- 
city hj the class of the best conducting bodies, such aa the 
metals and carbon, here, though we cannot at present give the 
exact character of the motion impressed upon the partjcles, 
there are yet many experiments which show that a change 
taJces place in such substances when they are affected by elec- 
tricity. 

Let discharges from a Leydan jar or battery bo passed 
through a platinum wire, too thick to be fused by the dis- 
charges, and free from, constraint, it ■will be found that the 
wire is shortened ; it has undergone a molecular change, and 
appai-ently been acted on by a force tranversc to its length. 
If the discharges be continued, it gradually gathers up in 
small irregular bends or convolutions. So with voltaic elec- 
tricity : place a platinum wire in a trough of porcelain, so 
that when fused it shall retain its position as a wire, and the» 
ignite it by a voltaic battery. As it reaches the point of fu- 
sion it will snap asunder, showing a contraction in length, and 
consequently a distension or increase in ite transverse dimen- 
sions. Perform the same experiment with a, lead wire, 
which can bo more readily kept in a state of fusion, and fol- 
low it, as it contracts, by the tei-minal -wires of the battery ; 
it ^vill be seen to gather up in nodules, which press on each 
other like a string of beads of a. soft material which hav» 
been longitudinally compressed. 

As we increase the thickness of the -wires in these exper- 
noents with reference to the electrical force employed, we les- 
sen the perceptible effect : but even in this caaa we shall be 
enabled safely to infer that some molecular change accompa- 
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a of electricity : the ■wirea are healed in a 
degree decreasing as their thickness increases — but hy in- 
creasing the delicacy of our tests as the heating eitects de- 
crease ill intensity, we may indefinitely detect the augmentii- 
tion of temperature accompanying the passage of electri- 
city — and wherever there is augmentation of tomperature 
there must be expansion or change of position of the mole- 
cules. 

Again, it has been observed thai wirea which have for a 
long time transmitted electricity, such as those which have 
served iis conductors for atmospheric electricity, have their 
texture changed, and are rendered brittle. In this observa- 
tion, however, though made by a skillful electrician, M. Pel- 
tier, the efifeofs of exposure to the atmosphere, fo changes of 
temperature, &c., have not been sufficiently eliminated to 
render it worthy of entire confidence. There are, however, 
other expei'im.ents which show that the elasticity of metals is 
changed by the passage through them of the electric current. 

Thus M. "Wertheim Las, from an elaborate series of ex- 
periments, arrived at the conclusion that there is a temporary 
diminution in the coe£B.cient of elasticity in wirea while they 
are transmitting the electric current, which is independent of 
tlie heating effect of the current, 

M. Dufour has made a considerable number of experi- 
ments with the view of ascertaining if any permanent change 
in metala is effected by electrisation. He arrives at the cu- 
rious result that in a copper wire through which a feeble vol- 
taic current has passed for several days, a notable diminution 
in tenacity takes place ; while, in an iron wire, the tenacity 
is increased; and that these effects were more perceptible 
when the wires had been electrised for a long time (nineteen 
days) than for a short time (four days). Tlie coppev wire 
was, in his experiment, not perfectly pure ; so that the effect, 
or a portion of it, might. be due to the state of alloy : in the 
case of iron, the magnetic character of the metal would proV 
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tilily moiiify the effects, and might account for tke oppoaile 
cliaraeter of the results witli these two metals. 

Matt«ucci has made expei-imeats oa the conduction of 
electricity by bismuth in directions parallel or transverse to 
tliG planoa of principal cleavage, and he finds that bismuth 
conducts electricity and heat better in tlio direction of the 
cleavage planes than in that transverse to thera. 

Many other experimentfl have been made both on the pro- 
duction of thermo-eleetrie currents by two porlione of the 
same erystaUine metal, but with the planes of crystallization 
arranged in different directions relatively to each other, and 
also on the differences in conduction of heat and electricity 
according to the direction in which they are transmitted with 
reference to the planes of ciystallization. 

It is found, moreover, that the slightest difference in ho- 
mogeneity in the same metal enables it when heated to pro- 
duce a thermo-electric current, and that metals in a state of 
fiision, in which state they may bo presumed to be homoge- 
neous throughout, give no thermo-electric current : thus, hot 
in contact with cold mercury has been shown by Matteucci 
to ^ve no thermo-electric current, and the same is the case 
with portions of fused bismuth unequally heated. 

The fact that the m-oleeular structure or arrangement of a 
body influences — indeed I may say determines — its conduct- 
ing power, is by no means explained by the tlieory of a fluid ; 
but if electricity be only a transmission of force or motion, 
the influence of the molecular state is just what would be 
expected. Carbon, in a transparent crystalline state, as dia* 
mond, is as perfect a non-conductor as we know ; whUe in an 
opaque amorphous state, as graphite or charcoal, it is one of 
the best conductors ; thus, in the one state, it transmits light 
and stops electricity, in the other it transmits electricity and 
stops light. 

It is a cu'cumstance worthy of remark, that the airango- 
meat of molecules, which renders a solid body capable of 
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transmitting light, is most unfavonrable to its transmission ot 
electricity, transparent solids being very imperfect conductors 
of electricity ; so all gases readily transmit light, hut are 
amongst the worst conductors of electricity, if, indeed, prop- 
erly speaking, they can te said to conduct at all. 

The conduction of electricity by different dassea of bodies 
lias been generally regarded as a question of degree ; thus 
metals were viewed as perfect conductors, charcoal less so, 
water and other liquids as imperfect conductors, &c. Eut, 
in fact, though between one. metal and another the mode of 
transmission may be ttc same and the difference one of de- 
gree, a different molecular effect obtains, when we contrast 
metals with electrolytic liquids and tliese with gases. 

Attenuated gaaes may he, in one sense, rcgnrded. as non- 
conductors, in another, as conductors ; thus if gold-leaves be 
made to diverge, by electrical repulsion, in air at ordinary 
pressnre, they in a short time collapse ; while in highly-rare- 
fied air, or what is commonly termed a vacuum, they remain 
divergent for days ; and yet electricity of a certain degree of 
tension passes readily across attenuated air, and with diffi- 
culty across air of ordinary density. 

Again, where the electrical terminals are brought to a 
state of visible ignition, there are symptoms of the transmis- 
sion of electricity of low tension across gases ; but no such 
effects have been detected at lower temperatores. All this 
presents a strong argument lq favour of the transmission of 
electricity across gases being effected by the disruptive dis- 
charge, and not by a conduction similar to that which takes 
place with mctxils or with electrolytes. 

The ordinary attractions " and repulsions of electrified 
bodies present no more difficulty when regarded as being pro- 
duced by a change in the state or relations of the matter af- 
fected, than do the attractions of the earth by the sun, or of 
a leaden ball by the earth ; the hypothesis of a fluid is not 
considered necessary for the latter, and need not be so for the 
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former class of phonomena. How tte iiLenomeua are pro- 
duced to which the terra attraction is applied is still a mys- 
tery. KewtotL, speaking of it, says, 'What I call attraction 
may be performed hy impulse, or by some other means un 
known to me. I nee that word here to signify only in gen 
era] any force by which bodies tend towards one another, 
whataoevor he the cause.' If we suppose a fluid to aet in at- 
tractions and repulsions, the imponderable fluid must drag or 
push the matter with it : thus when we feel a stream of 
air rushing from an electrifled metallic point, each molecule 
of air contiguous to the point heing repelled, another takes 
its place, which is in its turn repcUed : — ^how does a hypo- 
thetic fluid assist us here ? If we say the electrical fluid re- 
pels itself, or tho same electricity repels itself, we must go 
farther and assert, that it not only repels itself, hut either 
communicates its repulsive force to the particles of the air, or 
carries with it the particle of air in its passage. Is it not 
more easy to assume that the particle of air is in such a state 
that the ordinary forces which keep it in equilibrium are dis- 
turbed by the electrical force, or force in a definite direction 
coramunicatcd to it, and .that thas each particle in turn re- 
cedes from the point? As this latter force is increased, not 
only does the particle of air which was contiguous to the me- 
tallic point recede, but the cohesion of the extreme partielea 
of metal may be overcome to such an extent that tliese are 
detached, and the brush or spark may consist wholly or in 
part of minut« particles of the metal itself thrown ofi". Of 
thia there is some evidence, though the point can hardly be 
considered as proved. A similar effect undoubtedly tates 
place with voltaic electricity, acting upon a terminal im- 
mersed in a liquid ; thus if metailie terminals of a powerful 
voltaic battery he inunersed in water, metal, or the oxide of 
metal, is forcibly detached, producing great heat at the point 
of disruption. 

If we apply om-selves to the effect of electricity in !ho 
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animal economy, we find that the first rationale given of tlie 
conYulsivc effect produced by transmission throngh. the living 
or recently killed animal was, that electricity itself, sometliing 
sabstaative, passed rapidly throngh the body, and gave rise 
to the contractions ; step by step we are now arriving at the 
conviction that consecutive particlea of the nerves and mus- 
cles arc affected. Thus the contractions which the prepared 
leg of a frog undergoes at the moment it is submitted to a 
voltaic current, cease aiter a time if the current be contin- 
ued, and arc renewed on breaking the circuit, i. e. at the mo- 
ment when the current ceases to traverse it. The excitabil- 
ity of a nerve, moreover, or its power of producing muscular 
contraction, is weakened or destroyed by the transmission of 
electricity in one direction, while tho excitability is increased 
by tlie transmission of electricity in the opposite direction ; 
showing that the fibre or mattei; itself of the nerve is changed 
by electrisation, and changed in a manner bearing a direct 
relation to the other effects produced by electricity. 

Portions of muscle and of nerve present different electri- 
cal stotes with reference to other portions of the same muscle 
or nerve ; thus the external part of a muscle bears the same 
relation to the internal part as platinum does to zinc in tho 
voltaic battery ; and delicate galvanoscopes will show electri- 
cal effects when interposed in a conducting circuit connecting 
the surface of a nerve vrith its interior portions. Matteucci 
has proved that a species of voltaic pile may be formed by a 
series of shces of muscle, so arranged that the external part 
of one slice may touch the internal part of the next, and 

Lastly, the magnetic effects produced by electricity also 
show a change in the molecular state of the magnetic sub- 
stance affected ; as we shall see when the subject of magnet- 
ism is discussed. 

I have taken in succession all the known classes of elec- 
trical phenomena ; and, as far as I am aware, there is not an 
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electrical effect, where, if a close investigation be instituted, 
and the materials chosen in a state for exhibiting mbute 
changes, evidence of molecular change wiU not he detected ; 
thus, excepting those cases where infinite sunally smaJl quan- 
tities of matter are acted on, and our means of detection fail, 
electrical effects are known to us only as changes of ordinary 
matter. It seems to me as easy to imagine these changes to 
be effected by a force aciiog in definite directions, as by a 
fluid whidi Las no independent or sensible existence, and 
which, it must be assumed, is associated with, or exerts a 
force acting upon ordinary matter, or matter of a different 
order from the supposed fluid. As the idea of the hypothetic 
fluid is pursued, it gradually vanishes, and resolves iteolf into 
the idea of force. The hypothesis of matter without weight 
presents in itself, as I believe, fatal objections to the theories 
of electrical fluids, which are entirely removed by viewing 
electricity as force, and not as matter. 

If it be said that tlie effects we have been considering 
may still be produced by a fluid, and that this fluid acts upon 
ordinary matter in certain cases, polarising the matter af- 
fected or arranging its particles ia a deflnitc direction, whilst 
in otters, hy its attrattive or repulsive force, it carries with 
it portions of matter ; yet, if the fluid in itself be incapable 
of recognition by any test, if it he only evidenced by the 
changes which it operates in ponderable matter, the words 
fluid and force become identical in meaning ; we may as well 
say that tKc attraction of gravitation or weight is occasioned 
by a flnid, as that electrical changes are so. 

"When, as is constantly done in common parlance, a house 
is said to be struck, windows hroken, metals fused or dissipa- 
ted by the electrical^ %d are not the expressions used such 
as, if not lanctioned by habit would seem absurd? In all 
the cases of miniy done by h hfnm" 11 ere is no fluid per- 
ceptible the so-called sulphuro s 5 1 r is either ozone de« 
reloped by the Eictjon of tlectr c ty on a mospheric air, or tho 
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vapoui' of some suhstance dissipated by the disciiarge ; on the 
other hani3, it sccma more coQSoaant with experience to re- 
gard these effects as produced by force, as we have analogoua 
effects produced by admitted forces, in cases where no one 
wotdd invoke the aid of a hypothetic fluid for explanation. 
For instance, glasses may be broken by electrical discharges ; 
eo may they by sonorous vibrations. Metals electrified or 
magnetised will emit a sound ; so they will if strack, or if a 
rausical note with which they can vibrate in unison be sounded 
near to them. 

Even chemical decomposition, m cases of feeble affinity, 
may be produced by purely mechanical effects. A nnmber of 
instances of this have been collected by M. Bocqnerel ; and 
substances whose constituents ire held together by feeble af- 
finities, such as iodide of mtrogen and similar compounds, are 
decomposed by the vibiation occasioned by sonnd. 

If, instead of bemg legarded ai a fluid or impondciable 
matter sw generis, electricity be regarded as the motion of on 
ether, equal difficulties are entountered. Assuming uther to 
pervade the pores of all bodies, la the ether i conductor or 
non-conductor ? If the latter — that is, if the ether be incapa- 
ble of transmitting the electrical wave — the ethereal hypothe- 
sis of electricity necessarily falls , but if the motion of the 
etiier constitute what we caU conduction of electricity, then 
the more porous bodies, or those most permeable by the 
ether, should be the best conductors. But this is not the case. 
II, again, the m.etai and the air surrounding it are both per- 
vaded by ether, why should the electrical wave affect the 
e*her in the metal, and not stir that in the gas? To support 
an ethereal hypothesis of electricity, many additional and 
hardly reconcilable hypotheses must be imported. 

The fracture and comminution of a non-conducting body, 
Iho fiision or dispersion of a metallic wire by the eleetriea.1 
discharge, are effects equally difficult to conceive upon the 
bypothcaie of an ethereal vibration, as upon tliat of a (Jnid, 
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but are netessary results of the suddeu suljvei-sioa of mole- 
cular polarisation, or of a Bidden or irregular vibratory move- 
ment of the matter iteelf. We see similar effects produced 
by sonorous vibrations, which might be called conduction 
and non-conduction of sound. One body transmits sound ea- 
sily, another stops or deadens it, as it is, termed — i. e. dis- 
perses the ■vibrations, instead of continuing them in the same 
direction as the priiaary impulse ; and solid bodies may, as 
has been above observed, bo shivered by sudden impulses of 
sound in those cases where all the parts of the body cauuot 
uniformly carry on the undulatory motion. 

The progressive stages in the Ilisfory of Physical Philoso- 
phy will account in a great measure for the adoption by the 
eai'Jy electricians of the theories of fluids. 

The ancients, when they witnessed a natural phenomenon, 
removed fl\>m ordinary analogies, and uaeipiained by any 
mechanical action known to them, referred it to a soul, a 
spiritual or preternatural power : thus amber and the magnet 
were supposed by Thales to have a soul ; the functions of 
digestion, assimilation, &c., were supposed by Paracelsus to 
be effeated by a spirit (the Arclwens). Air and gases were 
also at iirat deemed spiritual, bat subsequently became invest- 
ed with a more material character ; and the word gas, from 
ffezsi, a ghost or spirit, affords us an instance of the gradual 
transmission of a spiritiml into a physical conception. 

The eFtablishmcnt by Torrieehi of the ponderable charac- 
ter of air and gas, showed that substances which had been 
deemed spiritual and essentially different from ponderable 
matter were possessed of its attributes. A less superstitions 
mode of reasoning ensued, and now aeriform fluids were 
shown to be analogous in raany of their actions to liquids or 
known fluids. A belief in the existence of other fluids, differ- 
ing from air as this differed from water, grew up, and when 
a new phenomenon presented itself, recourse was had to a 
hypothetic fluid for esplaining the phenomenon and connect- 



Hosted .vGoogle 



10* OOEEELATION OF PHYSICAL FOECES. 

ing it with otLera ; tlie mind oiio« possessed of the idea of a 
fluid, aooa invested it with tie necessary powers and proper- 
ties, and grafted upon it a luxurious vegetation of imaginary 



In what I am here tJirowiag out, I wish to guard myself 
from being supposed to state that t]ie theory, historically 
viewed, followed exactly the dates of the discoveries which 
were efleetual in changing its character ; sometimes a dis- 
covery precedes, at other times it succeeds to a change in the 
general course of thought; sometimes, and perhaps most 
frequeutly, it does l)cith — i. e. the discovery is the result of a 
tendency of the age and of the continually improved meflods 
of observation, and when made, it strengthens and extends the 
views which have led to it. I think the phases of thought 
which physical philosophers have gone through, will be found 
generally such as I have indicated, and that the gradual ac- 
cumulation of discoveries wMch has taken place during the 
more recent periods, by showing what efFccts can he produced 
by dynamical causes alone, is rapidly tending to a general 
dynamical theory into wLich that of the imponderable fluids 
promises ultimately to m,erge. 

Conmiencing with electricity as an initiating force, wo 
get motion directly produced by it in various forms ; for in- 
stance, in the attraction and repulsion of bodies, evidenced by 
mobile electrometers, such as that of Cuthhertson, where 
large masses are acted on ; the rotation of the fly-wheel, 
another form of electrical repulsion, and the deflection of 
the galvanometer needle, are also modes of palpable, visible 
motion. 

It would follow, from the reasoning in this essay, that 
when elcolricity performs any mechanical work which does 
not return to the machine, electrical power is loe!. It would 
be unsuitable to the scope of tliiswork to give the mathemati- 
cal labours of M. Clausius and others here ; but the follow- 
ing experiment, which T devised for making the result ev'i- 



Hosted .vGoogle 



liljEOT'EICITT. lOS 

dent to an audience at tlie Eoyal IiLstituLion, will form a 
useful illusti-ation : — A. Leyden jar, of one squaM foot coated 
snrface, has its interior connected with a Cuthbertsoa's elec- 
tiometer, between which and the outer coating of the jai 
are a pair of discliarging balls fixed at a certain distance 
(about half an inch apart). Betweea tlie Leyden jar and 
ihe prime conductor is inserted a small unit jar of nine inches 
surfn«Oj Ito tnoha of which arc 0'2 inch apart. 

The balance of the electoomctcr is now fixed by a stiff 
wire inserted between the attracting knobs, and the Ireydeu 
jar charged by discharges from the unit jar. After a certain 
number of these, say twenty, tlie discharge of the large jar 
takes place across tJie half-inch interval. This may bo 
viewed as the expression of electrical power received from 
the unit jar. The experiment is now repeated, the wire 
between the balls liaving been removed, and therefore the 
' tip,' or the raising of Ibe weight, is performed by the electri- 
cal repulsion and attraction of the two pairs of balls. At 
twenty discharges of the unit jar the balance is subverted, 
and one attracting knob drops upon the other ; but no dis- 
charge takesplace, showing tltat some electricity has been lost 
or converted into the mechanical power whicb raised the 



By another mode of expression, the electricity may be 
supposed to be masied or analogous to latent heat, and it 
would be restored if the ball were brought back without dis- 
charge by extraneous force. If the discharge or other elec- 
trical efieets were the same in both cases, then, since the 
raising of the ball or weight is an extra mechanical effort, 
and since the weight is capable by its fall of producing, elec- 
tricity, heat, or other force, it would seem that force could be 
got out of nothing, or perpetual motion obtained. 

The above experiment is suggestive of others of a simUaa' 
character, which may be indefinitely varied. Thus I have 
found that two balls made to diverge by electricity do no( 
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^ve to an electrometer the same amount of electricity as they 
ilo if, whilst simUarly cJectriflcd, th.ej are kept forcibly to- 
gether. This experiment is the conyerso of the former one. 
There is an advantage in electrical experiments of this clasa 
as compared with those on heat, via. that though there ia no 
perfect insulation for electricity, yet our means of insula- 
tion are immeasurably superior to any attainable for heat. 

Electricity directly produces heat, as shown ia the ignited 
wire, the electric spark, and the voltaic arc : in the Iatt«r 
the most intense heat with which we are acquainted — so in- 
tense, indeed, that it cannot he measured, as every sort of 
matter is dissipated by it. 

In the phenomenon of electrical ignition, as shown by « 
heated conjunctive wh'e, the relation of force and resistance, 
and the correlative character of the two forces, electricity and 
heat, are strikingly demonstrated. Let a thin wire of plati- 
num join the terminals of a voltaii; battery of suitable power, 
the wire will be ignited, and a cei'tain amount of chemical 
action will take place in the cells of the batteiy — a definite 
quantity of zinc being dissolved and of hydrogen eliminat<^d 
in a given time. If now the platinum wire be immersed m 
water, the heat will, from the circulating currents of the 
liquid, be more rapidly dissipated, and we shall instantly find 
tliat the chemical action in the battery will be increased, more 
zinc win be dissolved, and more hydrogen eliminated for tlie 
same time ; the heat being conveyed away by the water, 
more chemical action is required to generate it, just aa more 
fuel is required in proportion aa evaporation is more 

Reverse the experiment, and instead of placiaig the wire 
in water, place it in the flame of a spirit lamp, so that the 
force of heat meets with greater resistance to its dissipation. 
W"e now find that the chemical action is lesa than in the first 
or normal esperiment. If the wire be placed in other differ- 
ent gaseous or liquid media, we shall find that the chamical 
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action of tlic battery wil] be proportioned to the fiteilitj with 
which the heat is circnlated or radiated by these media, and 
we thua establish an ahernating reciprocity of action between 
these two forces : a similar reciprocity may be established 
between electricity and m.otion, magnetism and motion, and 
so of other forces. If it cannot be realised with all, it is 
probably because we have not yet eliminated interfering ac- 
tions. If WG carefully think over the matter, we shall, nnleas 
I am much mistaken, arrive at the conclusion that it cannot 
be otherwise, imleas it be supposed that a force can arise from 
nothing — can exist without antecedent force. 

In the phenomenon of the voltaic arc, the electric spark, 
&e., to which I have already adverted, electricity directly 
produces Ught of the greatest known intensity. It directly 
produces Tnagnetism, as shown by Oersted, who first distinctly 
proved the connection between electricity and magnetism. 
These two forces act npon each other, not in straight lines, 
as all other known forces do, bnt in a rectangular direction ; 
that is, bodies affected by dynamic electricity, or the conduits 
of an electric current, tend to place magnets at right angles 
to them ; and, conversely, nat^ets tend to place bodies con- 
ducting electricity at right angles to them. Thus an electric 
current appears to have a magnetic action, in a direction 
cutting its own at right angles ; or, supposing its section to 
be a circle, tangential to it ; if, then, we reverse the position, 
and make the electric current form a series of tangents to an 
imaguiary cylinder, this cylinder should be a inagnet. This 
is effected in practice by coiling a wire as a helix or spiral, 
and this, when conducting an electrical current, is to all in- 
tents and purposes a magnet. A soft iron core placed within 
such a helix has the property of concentrating its power, and 
then we can, by connection or disconnection with the source 
of electricity, instantly make or unmake a most powerful 
magnet. 

We may figure to the mind electrified and magnctracd 
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matter, as lines of which the extremities repel each other in 
a definite direction ; thus, if a line A B represent a wire 
affected by electricity, and superposed on c d a wire aSecUid 
ty magnetism., the extreme points a and b will he repelled to 
the farthest distances from the points c and D, and the line A 
B he at right angles to the line c d ; and so, if the lines bo 
subdivided to any extent, each will have two extremities or 
poles repulsive of those of the other. If the line of matter 
affected by electricity be a liquid, and consequently have 
entire raohility of particles, a continuous movement will he 
produced by magnetism, each particle succcHsively tending, 
as it were, to fly off at a tangent from the magnet : thus, 
place a flat dish containing acidulated water on the poles of a 
powerful magnet, immerse the terminals of a voltaic battery 
in the liquid just above the magnetic poles, so that the lines 
of electricity and of magnetism coincide ; the water will now 
assume a movement at right angles to this line, flowing con- 
tinonsly, as if blown by an equatorial wind, which may be 
made east or west with reference to the magnetic poles by 
altering the direction of the electrical current ; a similar effect 
may be produced with mercury. These cases afford an 
additional argument to those previously mentioned of the 
parfides of matter being affected by the forces of electricity 
and magnetism in a way iirceoneilable with the fluid oc 
ethereal hypothesis. 

The representation of transverse direction by magnetism 
and electricity appears to have led Coleridge to parallel it by 
the transverse expansion of matter, or length and breadth, 
though he injured the parallel by adding galvanism as depth ; 
whether a third force exists which may hear this relation to 
electricity and magnetism is a qaestion upon which we have 
no evidence. 

Tlie ratio which the attractive magnetic force produced 
boars to the electric enrrent producing it has been investigal> 
ed by many experimentahsts and mathematicians. The data 
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0,'fi SO numerous and so yariablCj that it is difficult to arrive 
at ddinitc results. Thus the relative size of the coil ard the 
iron, the temper or degree of hardness of the latter, its shape, 
or the proportions of length to diameter, the nnmher of coils 
Bvtrrounding it, the conducting power of the metal of which 
the coils are formed, the size of the keeper or iron in which 
magnetism is induced, the degree of constancy of the bat" 
lery, &e., complicate the experiments. 

The moat trustworthy general relation which has hcen as- 
certained is, that the magnetic attraction la as the square of 
the electric force ; a rosiilt due to the reseaxLhcs of Lena and 
Ja«obi, and also of Sir W. S. Hams. 

Lastly, electricity produces chemical affi,mfy\ and by i:s 
agency we are enabled to obtain effects of analysis or synthe- 
sis ■with which ordinary chemistiy does not lurmsh us. Of 
these effects we have examples in the hrdhant disuiveries, by 
Davy, of the alkaline metals, and m the peculiar crystalline 
compounds made known hy Crosse J.iid BtLLiueiel. 
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IN entering on ths subject of Light, it will bo well to de* 
serifac briefly, and in a manner as far as may be inde- 
peni3ent of thciory, the effects to which the term polarisation 
has been applied. 

When light is reflected from the surface of water, glass, 
or many other media, it midergoes a ch.ange which disables It 
from being again simUariy reflected in a direction at right 
angles to that at which it has been originally reflected. 
Light so affected is said to be polarised ; it will always bo 
capable of being reflected in planes parallel to the plane in 
which it has been first reflected, but incapable of being re- 
flected in planes at right angles to that plane. At planes 
having a direction intermediate between the original plane of 
reflection, and a plane at right angles to it, the light will bo 
capable of being partially reflected, and more or less so ac- 
cording as the direction of the second plane of reflection is 
more or less eoincident with Uie original plane. Light, again, 
when pa^ed through a crystal of Iceland spar, is what is 
termed doubly refracted, i. e. split into two divisions or beams, 
each having half tl\e luminosity of the original incident light ; 
each of these beams is polarised in planes at right angles to 
each other ; and if they be intercepted by the mineral tour- 
maline, one of them is absorbed, so that only one polarised 
beam emerges. Similar effects may be produced by certain 
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ofhor reflections or refractions. A ray of liglit once polaris 
od in a, certain plane continues so aficcf«d tlirougliout ita 
wliole subsequent course ; and at any indefinito distance from 
the point where it originally underwent the change, the di- 
rection of tlie plane will be tlie same, provided the media 
through which it is transmitted be air, wafer, or certain other 
transparent substances which need not be enumerated. If, 
however, the polarised ray, instead of passing through water, 
be made to pass through oil of turpentine, the definite direc- 
tion in which it is polarised will be found to be changed ; and 
the change of direction will be greater according to the 
length of the column of interposed liquid. Instead of being 
an uniform plane, it will have a curvilinear direction, 
similar to that which a strip of card would have if forced 
along two opposite grooves of a rifle-barrel. This curious 
effect is produced in different degrees by different media. 
The direction also varies ; the rotation, as it is termed, being 
sometimes to the right hand and sometimes to the left, accord- 
ing 1» the peewliar molecular character of the medium through 
which the polarised ray is transmitted. 

Light is, perhaps, that mode of force the reciprocal rela- 
tions of which with the others have been the least traced 
out. Until the discoveries of Niepce, Daguerre, and Talbot, 
very little could be definitely predicated of the action of light 
in producing other modes of force. Certain chemical com- 
pounds, among which stand pre-eminent the salts of silver, 
have the property of suffering decomposition when exposed 
to light. If, for instance, recently formed chloride of silver 
bo submitted to luminous rays, a partial decomposition en- 
sues j the chlorine is separated and espeUed by the action of 
light, and the silver is precipitated. By this decomposition 
tlie colour of the substance changes from white io blue. If 
now, paper be impregnated with chloride of silver, which can 
bo done by a simple chemical process, then partiaUy covered 
with an opaque substance, a leaf for example, and exposed to 
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n stroag light, tiie chloride will be decomposed in all those 
parts of the paper ■where the light is not intercepted, and we 
shall have, by the action of light, a white image of the leaf 
on a purple ground. If similar paper be placed in the I'ocua 
of a lens in a camera-obacura, the objects there depicted will 
decompose the chloride, just m the proportion in which they 
are Inminous ; and thus, as the most luminous parts of the im- 
age will most darten the chloride, we shall have a picture of 
(lie objects with reversed lights and shadows. The picture 
thus produced would not be permanent, as subsequent expos- 
are would darken the light portion of the picture : to fix it, 
the paper must be immersed in a solution which has the pro- 
perty of dissolving chloride of silver, but ttot metallic silver. 
Iodide of potassium will efiect this ; and tlie paper being 
washed and dried will then preserve a permanent image of 
the depicted objects. This was the fiist and sjm.ple process 
of Mr. Talbot ; but it is defective as to the purposes aimed 
at, in many points. First, it is not suSlciently sen^ifive, re- 
quiring a strong light and a long time to produce an image ; 
secondly, the lights and shadows are reversed ; and thirdly, 
tlie coarse structure of Ihe finest paper does not admit of the 
delicate traces of objects being distinctly impi-esaed. These 
defects have been to a great extent remedied by a process 
subsequently discovered by Mr, Talbot, and which bears his 
name, and which has led to the collodion process, and others 
unnecessary to bo detailed here. 

The photographs of M. Daguerre, with which all arc now 
familitar, are produced by holding a plate of highly-polished 
silver over iodine. A thin film of iodide of silver is thus 
formed on the surface of the metal ; and when these iodized 
plates ore exposed in the camera, a chemical alteration takes 
place. The portions of the plate on which the light has im- 
pinged part with some of the iodine, or are otherwise changed 
— for the theory is somewhat doubtful — soas to be capable 
of ready amalgamation. 'VThen, therefore, the plate is placed 
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over tlie vapour of Iieatod mercury, the mercury attaches it- 
self to the portions aiiectfid hy light, and gives them a white 
frosf«d appeaxanco ; the intermediate tints are loss affected, 
aad those parts where no light has fallen, hy retaining 
their original polish, appear dark ; the iodide of silver is 
then washed off hy hyposulphite of soda, which h&s the 
property of dissolving it, and there remains a pictui-e 
in which the lights and shadows a^-c as in nature, and the 
molecular uniformity of tlie metallic surface enables the 
most microscopic details to ho depicted with perfect accu- 
racy. By using chloride of iodine, or bromide of iodine, 
instead of iodine, the equilibrium of chemical forces is ren- 
dered, stm more unstahle, so that images may ho taken in an 
indefinitely short period — a period, practically instantaneous. 

It would be foreign to the object of this Msay to enter 
upon the many beautiful detiuls into which the science of 
photography has branched out, and the many valuable discov- 
eries and practical applications to which it has led. The 
short statement I have given above is perhaps superfluous, as, 
though they were new and surprising atthe period when these 
Lectures were delivered, photographic processes have now be- 
come familiar, not only to the cultivator of science, but to 
the artist and amateur ; the important point for consideration 
here is that light will chemically or molecularly affect mat- 
ter. Not only will the particular compounds above selected 
as instances ho changed by the action of light ; but a vast 
munber of substances, both elementary and compound, are 
notably affected by this agent, even those apparently the most 
unalterable in character, such as metals : so namerous, in- 
deed, are the substances affected, that it Las been supposed, 
not without reason, tliat matter of every descripdoit is altered 
by exposiire to hght. 

The permanent impression stamped on the molecules of 
matter by light can be made to repeat itself by the same 
agency, but always witli decreasing force. Thus a phoi/i 
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graph placed opposite a camera containing a sensitive plata 
win be reproduced, hut if the size of the image he equal t€ 
the picture, the second picture will be fainter than the first, 
and so on. Thus again, a photograph taken on a dull day 
cannot, by being placed in bright sunshine be naade to repro- 
duce a second photograph of the same size and more diatinct- 
iy marked than itself; I at least have never succeeded in 
8uch reproduction, and I am not aware that others have : ilia 
image loses in intensity as light itself does by each transmis- 
sion. The surface of the metal or paper may give a brighter 
image from its being exposed to a more intense light, but the 
photographic details are limited to the intensity of the Srst 
impression, or rather to something abort of tliis. Aquestion 
of theoretical interest arises from the consideration of theao 
reproduced photographs. We know that the luminosity of 
the image at the focus of a telescope is limited by the area 
of the object-glass. The imago of any given object cannot 
be intensified by throwing upon it extraneous light ; it is in- 
deed diminished in intensity, and when for certain purposes 
astronomers illuminate the fields of their ti-leseopes, they are 
obliged to be contented with a loss of intensity in the teleseopie 

Now, let us suppose that the minutest details in the imago 
of an object seen in a given telescope, and with a given pow- 
er, are noted ; that then a photographic plate is placed in tlie 
focus of the same telescope so as to obtain a permanent it 
preasion of the image which has been viewed by the eye-glas 
Could the observer, by throwing a beam of condensed light 
upon the photograph, enable himself to bring out fresh details T 
or in other words, could he use with advantage a higher pow- 
er applied to the ilhimioated photograph ? 

It is, perhaps, hardly safe to answer a priori Has question 
but the experiment of reproducing photographs wonld soem to 
Bhow that more than the initial light cannot be got, and that wa 
cannot expect to increase telescopic power by photography, 
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riioiigh WO may rentier oljsen-aLions more conveuient ; maj 
by its moans fix images seen on rare and favourable occasions, 
and may preserye pei'manent and infallible records of the 
past state of astronomical objects. 

Tbe effect of light oa chemical compounds aSbrils aa a 
striking instance of the extent to which a force, over active, 
may bo ignored through successive ages of pMlosophy. If 
we suppose the walla of a large room covered with photo- 
graphic apparatus, the small amount of light reflected from 
the fa«e of a person situated in its centre would simulta- 
neously imprint his portrait on a multitude of recipient sui^- 
faces. Were the cameras absent, but the room coated with 
photographic paper, a change would equally take place ia 
every portion of it, though not a reproduction of form and 
figure. As other substances not commonly called' photo- 
graphic are known to be aflected by light, the list of which 
might be indefinitely extended, it becomes a curious object of 
contemplation to consider how far light is daily operating 
changes in ponderable matter — how far a force, for a long 
time recognised only in its visual effeciji, may be constantly 
producing changes in the earth and atmosphere, in addition 
to the changes it produces in organised structures which are 
now beginning to be extensively studied. Thus every portion 
of light may be supposed to write its own history by a change 
more or less permanent in ponderable matter. 

The late Mr. George Stephenson had a favoui-ite idea, 
which would now be recognised as more pliilosophical than it 
was in his day, via. that the light, which we nightly obtain 
from coal or other fuel, was a reproduction of that which had 
at one time been absorbed by vegetable structures from the 
Bun. The conviction that the transient gleam leaves its per- 
manent impress on the world's history, also leads the mind 
lo ponder over the many possible agencies of whiuh we of tho 
present day may be as ignorant as the ancients were of the 
chemical action of light. 
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I have used tlic term Hglit, and affected byliglit, in speak- 
ing of photographic! effects ; but, though tlie phenomena de- 
rived their name from light, it has been doubted hj many 
competent investigators whether the phenomena of photo- 
graphy arc not mainly dependent upon a separate agent ac- 
companying light, rather than upon light itself. It is, indeed, 
difficult not to believe that a picture, taken in the focus of a 
camerarobseura, and which represents to the eye all the gra- 
dations of light and shade shown by the original lumjnons 
image, is not an effect of light ; certain it is, however, that 
the different coloured raya esercise different actions upon va- 
rious chemieai compounds, and that the effects on many, per- 
haps on most of them, are sot proportionate in intensity to 
the effects upon the visual organs. Those effects, however, 
appear to bo more of degree than of specific difference ; and, 
without pronouncing myself positively upon the question, 
hitherto so little examined, I think it will be safer to regard 
the action on photographic compounds as resulting from a 
function of light. So viewing it, we get light as an initia- 
ling force, capable of producing, mediately or immediately, 
tlie other modes of force. Thus, it immediately produces 
chemical action ; and having this, we at once acquire a means 
of producing the others. At my Lectures in 1843, I showed 
an experiment by which the production of all tlie other modes 
of force by light is exhibited : I may here sliortly describe it. 
A prepared daguerreotype plate is enclosed in a box filled 
with water, having a gliiss front with a shutter over it. Be- 
twcen this glass and the plate is a gridiron of silver wire ; 
the plate is connected wth one estremity of a galvanometer 
coil, and the gridiron of wire with one extremity of a Bre- 
gaet'a helix — an elegant instrument, formed by a coil of two 
metals, the unequal expansion of which indicates slight 
changes in temperature — the other estremities of tlio galva- 
nometer and helix are connected by a wire, and the needles 
brought to zero. As soon aa a beam of either dayhght or 



Hosted .vGoogle 



LIGHT. 117 

the oxyliydrogeu liglit la, by raising the shutter, permitted to 
impinge upon the plate, the needles are deflected. Thus- 
light being the iniliatiag force, we get chemical action on the 
plate, eledriciM/ circnlating through the wires, magnetism in 
the coil, Aeoi ia the helix, and motion in the needles. 

K two plates of platinum bo placed iu acidulated waler, 
and connected with a, deHcate galvanometer, the needle of 
this is always deflect«d, a result due to films of gas or other 
matter on the surface of the platinum, which no cleaning can 
remove. If, after the needle has returned to zero, which will 
not be the case for some hours or oYon days, one of the plat- 
inum surfiices be exposed to light, a fresh deflection of the 
needle takes place, due, as fex aa 1 have been able to resolve 
it, to an augmentation of the diemical action which had occa- 
sioned the original deflection, for the deviation is in the same 
direction. If, instead of whito light, coloured light be per- 
mitted to impinge on the plate, tho deviation is greater with 
blue than with red or yellow light, showing, in addition to 
other tests, that the effect is not due to the heat of the sun's 
rays, as the calorific effects of light are greater with red than 
with blue light, while the chemical efiects are the inverse. 

There are other apparently more direct agencies of light 
in producing electricity and magnetism, such as those ob- 
served by Morichini and others, aa well as its effects upon 
crystallization ; but these results have liitherto been of so in- 
definite a character, that they can only be regarded as pre- 
senting fields for experiment, and not aa proving the relations 
of light to the other forces. 

Light would seem directly to produce heat in the phenom- 
ena of what ia termed absorption of light : in these we find 
that heat is developed in some proportion to the diaappeai^ 
anoe of Kght. To take tho old experiment of placing a se- 
ries of diSerent coloured pieces of cloth upon snow exposed 
to sunshine, the black clotli absorbing the most light, and de- 
veloping the most heat, sinks more deeply in the snow than 
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any others ; tlio other colours or ahadca of colour siuk tlio 
more deeply in proportion as ihey absorb or cause to disap- 
pear the more light, until we come to the white cloth, which 
remains upou the surface. The heatiug powers of differeat 
colours are, however, not by any means in exact proportion 
to the intensity of their light as affecting the visual organs. 
Thus red light, when produced by refraction from a prism of 
glass, produces greater heating effect than yellow light in the 
phenomena of absorption, as has been observed by Sir W. 
Herschcl. Tbc red rays appear, however, to produce a dy- 
namic effect greater than any of the otters ; thus they pene- 
trate water to a greater depth than tlie otter colours ; but, 
according to Dr. Seebeck, we get a further anomaly, viz. 
that when liglit is refracted by a prism of water tlie yellow 
rays produce the greater heating effect. The subject, there- 
fore, requires much niore experiment before we caa ascertain 
the rationale of the action of the forces of Uglit and heat in 
this class of phenomena. 

In a former edition of this Essay, I suggested the follow- 
ing experiment on this subject : — Let a beam of light be 
passed through two plates of tourmaline, or similar sub- 
stance, and the temperature of the second plate, or that on 
which the liglit last impinges, be examined by a delicate ther- 
moscope, first when it is in a position to transmit tlie polar- 
ised beam coming fiwm the first plate, and secondly wlien it 
has been turned round tlirough an arc of 90", and the polar- 
ised beam is absorbed. I expected that, if the experiment 
wore carefully performed, the temperature of the second plate 
would be more raised in the second case than in the first, and 
that it might afford interesting results when tried with light 
of different colours. I met with difliculties in procuring a 
suitable apparatus, and was endeavouring to overcome them 
when I found that Kiioblaueh had, to some extent, realised 
this result. He finds that, when a solar beam, polarised in a 
certain plane, is transmitted perpendicularly to the axis of o 
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crystal of bro^vB qtuirtz or tourmaline, the heat is transmit, 
ted in a aniallor proporfion than when the beam passes along 
the direction of the axis of tiie crystal. 

It is generally — as far as I am aware, uniyersally — true 
tiat, while light eontinnes as light, even though reflected or 
transmitted by different media, little or no heat is developed : 
and, as far as we can jadge, it would appear that, if a m* 
dium were perfectly transparent, or if a surfac« perfectly re- 
flected light, not the slightest heating effect would tate place ; 
hut, wherever light is absorbed, then heat takes its place, af- 
fordii^ us apparently an instance of tie conversion of light 
into heat, and of the fact that the force of light is not, in fact, 
absorbed or annihilated, but merely changed in character, 
becoming in this instance converted into heat by impinging 
on solid matter, as in the instance mentioned in treating of 
heat, this force was shown to be converted into light by im- 
pinging on solid matter. As, however, I have before ob- 
served, this correlation of light and heat is not so distinct, as 
with the other affections of matter. One experiment, indeed, 
of Molloni, already mentioned, would seem to show that 
light may exist in a condition in which it does not produce 
heat, which our instruments are able to detect ; but some 
doubt has recently been thrown on the accuracy of this ex' 
pcriment ; probably the substances themselves through which 
the light is transmitted would he found to have been l.eated. 

The recipient body, or that upon which light luipinges, 
seems to exercise as important an influence on o' r percep- 
tions of light as the emittent body, or that from wJuch the 
light first proceeds. The recent experiments o. Sir John 
Herschol and Mr. Stokes show that radiant impul.es, which, 
falling on certain bodies, give no effect of light, become lu- 
minous when falling on other bodies. 

Thus, let ordinary solar Hght be refracted by i prism (the 
best material for which is quartz), and the spectnim received 
on a sheet of paper, or of white poi'celain ; looking' on tlio 
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papu-, tlia eye dott'Cig no ligtt beyond, the extreme Tiolel 
rays. If, therefore, an opaque boJy be iniorposed bo as just 
to cut off tbe vliole visible Bpectmm, the paper would be 
dark or inyiaible, with the exception of some alight illumina^ 
tion from light reflected by the air and surrounding bodies. 
Substitute for that portion of the paper which was beyond 
ibo visible speetrum a pieeu of glass tinged by the oxide of 
uranium, and the gla&s is perfectly visible ; &o wltli a bottle 
of snlphate of quinine, or of the juice of horse -chestnuts, or 
even paper soaked in tlie=!e latter solutions. Other substances 
exhibit this effect in different degrees ; anil among the Btlb 
stances which have hitherto been considered perfectly analo- 
gous as to their appearance when illuminated, notahlo differ- 
ences are disL-o^'ered. Thus it appears that emanations 
which givo no impression of light to the eye, ■nhen imping- 
ing on certain bodies, become luminous when impinging on 
others. We might imagine a room 40 constructed that such 
emanations alone are permitted to enter it, which would be 
dark or light according to the substance with which the walls 
were coated, though in full daylight the respective coatings 
of Uio waUs would appear equally whit« ; or, without alter- 
ing the coating of the walls, the room exposed to one class 
oi rays, might be rendered dark by windows which woidd be 
'.■^ansparent to another class. 

If, instead of solar light, the electrical light be employed 
for similar experiments, an equally striking effect can actually 
be produced, A design, drawn on while paper with a solu- 
tion of sulphate of quinine and tajtaric acid, is invisible by 
ordinary light, but appears with beautiful distinctness when 
illuminated by the electric light. Thus, in pronouncing upon 
a luminous effect, regard must be had to the recipient as weJl 
as to the emittent body. That which is, or becomes, light 
when it falls upon one body is not light when it falls upon 
another. Probably the retinfe of the eyes of different per- 
wns differ to some extent in a similar manner ; and the same 
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substance, iHmnanated by tlie samQ spectrum, may present 
different appearances to different persons, tiie spectrum ap- 
pearing more elongated, to the one than to the otter, so that 
what 13 light to the one is darkne&s to the other. A depend- 
ence on the recipient body may aho, to a gieat extent, be 
predicated of he-it Let two ti.S''i,1s of -viater, the contenta 
of the one clear and tiansparent, cf the other tinned by soma 
colouiing matter, be Hn°pendi,d m a summer's sun ; in a very 
short fune a notable difference of temper'iture will be ob- 
sened, the coloured havmg bccomo much hotter than the 
cleat liquid If the first ve'ifael be placod at a considerahlo 
distance fiom the buiface of the eaith, and the second near 
the =!uriWe, the difference is sJiU moie consideiable. Carry- 
ing on tills expeiitnent, and suspending the first over the top 
of a hyh mountain, and the second in a yalley, we may ob 
tain BO great a dificrence of temperature, that animals whoRo 
organization is suited for the one temperature could not live 
in the other, and yet both are exposed to the same luminous 
rays at the same time, and substantially at the same distance 
from the emittent body — the substance nearer the sun is in 
fact colder than the more remote. So, with regaril to the 
medium transmitting the influence ; a green-house may have 
its temperature considerably varied by changing the glass of 
which its roof is made. 

These effects have an important bearing on certain cos- 
mical questions which have lately been much discussed, and 
should induce the greatest caution in forming opinions on 
such subjects as light and heat on the sun's surface, the teni 
perature of the planets, &c. This maydcpeml as mnch upon 
their physical constitution as upon their distance from the 
Bun. Indeed, the planet Mars gives us a highly probable ar- 
gument for this ; for, notwithstandmg that it is half as fai 
again from the sua as the earth is, the increase of the white 
tracts at its poles during its winter, and their diminution dur- 
ing its summer, show that the temperature of the sarface of 
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iLia planet oscillates about that of tJio freezing point of water, 
as do the analogotis zones of our planet. It is true, in tliia 
we assume liat the snbstanco thus changing its stata is water , 
but, considering the many dose analogies of this planet with 
the earth, and the identity in appearance of these very effects 
with what takes place on the earth, it seems a highly proha- 
ble assumption. 

So it by no means noccsaarily follows, that because Venu3 
is nearer to the sun than the earth, that planet is hotter than 
our globe. The force emitted by ttio sun may take a differ- 
ent chaiactcr at the surfa^ffi of each different planet, and 
require different organisms or eenses for its appreciation. 
Myriads of organised beings may exist imperceptible to our 
vision, even if we were among them ; and we might be also 
imperceptible to them ! 

However vain it may be, in the present state of science, 
to specnlate upon such existences, it is equally vain to assume 
identity or close approximations to oar own forms in those 
beings which may people other worlds. From analo^eal 
reasoning, or from final causation, if that be admitted, we 
may feci convinced that the gorgeous globes of the universe 
are not unpeopled deserts ; but whether the denizens ol other 
worlds are more or less powerful, more or lets mtolligent, 
whether they have attributes of a higher or lowti class than 
ourselYes, is at present an utterly hopeless gutssjug 

Specific gravity and intelligence ha^e no nectssaiy con- 
nexion. On our own planet five senses, ^nd a mean density 
equal to that of water, are not invariably associated with in- 
tolloctual or moral greatness, and the many arguments which 
have been used to prove that suns and planets other than the 
earth are uninhabited, or not inhabited by intellectual beings, 
might, mutatis mutandis^ equally bo used by the denizens cf 
a sun or plane! to prove that this world was uninhabited. 

Men are too apt, because they are men, because their 
existence is the one thing of all importance to tliemselves, to 
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frame scliomea of the uiiiYorse as though, it was formed for 
man alone : paiated by an artist of the sun, a man might not 
represent so prominent an ohject of creation as he does 
when represented by iua own pencil. 

Light was regarded, by what was termed the corpuscular 
Iheory, as being in itself matter or a specific fluid emanating 
from luminous bodies, and producing the efiects of sensation 
by impinging on the retina. This theory gave way to the nn- 
dulatory one, which ia generally adopted in the present day, 
ttud which regards light as resulting from the undulation of a 
specific fluid to which the name of ether has been given, 
which hypothetic fluid is supposed to pervade the universe, 
and to penetrate the pores of all bodies. 

In a Lecture delivered in January 1842, when I first 
publicly advanced the views advocated in this Essay, I stated 
that it appeared to me more consistent with known facts to 
regard light as resulting from, a vibration or motion of the 
molecules of matter itself, rather than from a specific ether 
pervading it ; jnst as sound is propagated by the vibrations 
of wood, or as waves are by water. I am not here spealcing 
of the character of the vibrations of light, sound, or water, 
which are doubtless very different from each other, but am 
only comparing them so far as they illustrate the propagation 
of force by motion in the matter itseF, 

I was not aware, at the time that I 'first adopted the 
above view, and brought it forward in my Lectares, that the 
celebrated Leonard Euler had pnblished a somewhat sinulai 
theory ; and, thoagh I suggested it without knowing that it 
had been previously advanced, I should have hesitated in 
reproducing it had I not found that it was sanctioned by so 
eminent a mathematician as Euler, who cannot be supposed 
to have overlooked any irresistible argument against it — the 
more so in a matter so much controverted and discussed as 
the undulatory theory of light W£^ in his time. 

Although this theory has been considered defective by a 
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philosoplier of high repute, I cannot see the force of the 
argmnetLte by which it has beoa assailed ; Erad therefore, for 
tlie present, though with difSdencc, I still adhere to it. The 
fact itself of the correlation of tke different modes of force is 
to my mind a very cogent argument in favour of their being 
affections of the same matter ; and though electricity, magnet 
ism, and heat might be viewed as produced by undulations of 
the same ether as that by means of which light is supposed to 
he produced, yet this hypotheaia offera greater difficulties with 
regard to the other affections than with regard to light : many 
of these difBcullies I have already alluded to when treating of 
electricity ; thna conduction and non-conduction are not ex- 
plained by it ; tiie traoamission of electricity through long 
wires in preference to tho air which surrounds them, and 
which must be at least equally pervaded by the ether, is 
irreconcilable witli such an hypothesis. The phenomena ex- 
hibited by these forces afford, as I thinli, equally strong evi- 
dence with those of light, of ordiaary matter acting from par- 
ticle lo particle, and having no action at a distance. I have 
already instanced the experiments of Faraday on electrical 
induction, showing it to be an action of contiguous particles, 
which are strongly in favour of this view, and many experi- 
ments which I have made on the voltaic arc, some of which 
I have mentioned in this Essay, are, to my mind, confirma- 
tory of it. 

If it be admitted that one of the so-called imponderables is 
a mode of motion, then the fact of its being able to produce 
the others, and be produced by them, renders it highly diffi- 
cult to conceive some as molecular motions and others as 
fluids or undulations of an ether. To the main objection of 
Dr. Young, that all bodies would have the properties of solai 
phosphorus if light consisted in the undulations of ordinary 
matter, it may be answered that so many bodies have this 
property, and wilh so great a variety in its duration, that 
non constat all may not have it, though for a time so short 
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Jial tlio eye caiinot detect its duration, M, E. Eecyiiere! 
has made many experiments which support thia view ; the 
fact of the phosphorescence by insolation of a large number 
of bodies, is in itself evidence of the matter of which they are 
com.poaed being throwa into a state of undulation, or at all 
events molecularly affected by the impact of light, and ia 
therefore an argament in support of the view to which ohjeo- 
tion is taken. Dr. Toung admits that the ptenomcna cf 
solar phosphorus appear to resemble greatly the sympathetic 
BOnuds of musical instruments, which are agitated by otlier 
Bounds convoyed to them through the air, and I am not aware 
that he ^ves any explanation of these effects on the ethereal 
hypothesis. 

Some curious experiments of M. Niepee de St. Victor 
seem also to present an analogy in luminous phenomena to 
sympathetic sounds. An engraving which has been kept for 
some days in the dark is half covered by an opaque screen, 
and then exposed to the sun ; it is then removed from the 
light, the screen taken, away, and the engraving placed oppo- 
site, and at a short distance from, photographic paper : an 
inverted image of that portion of the engraving which has 
been exposed to the sun is produced on the photographic 
paper, while the part which had been covered by the screen 
is not reproduced. If tho engraving, after exposure, is 
allowed to remain in contact with white paper for some hours, 
and the white paper is then placed upon photographic paper, 
a faint image of the exposed porldon of the engraving is repro- 
duced. Similar results are produced by mottled marble ex- 
posed to the sun ; an invisible tracing on paper by a fluorea- 
eeut body, sulphate of quiniae, is, afier insolation, reproduced 
on the photographic paper. Insolated paper retains the power 
of producing an impression for a very long period, if it is kept 
bi aa opaque tube hermetically closed. 

It is right to observe that these effects are supposed by 
ninny to he duo to chemica' emanations proceeding from tho 
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subsTnm!cs exposed to tlio sun, and which are behevcd to hava 
undergone some chemical change by this exposure. It is 
desirable to await further experiment before forming a decid- 
ed opinioD. 

The analogies in the progression of sound and ligM are 
very numerous : each proceed in straight lines, nntil inter- 
mpled ; each is reflected in the same manner, the angles of 
incidence and reSexioa being equal ; each is alternately nulli- 
fied and doubled in intensity by interference ; each la capable 
of refraetion when passing from media of different density : 
thia last effect of sound, long ago theoretically determined, 
has been experimentally proved by Mr. Sondhauss, who con- 
structed a lens of films of collodion, which, when filled with 
carbonic acid, enabled him to bear the iicking of a watch 
placed in one focus of the lens, the ear of the experimenter 
being in tbe opposite focus. The ticking was not beard 
when the watch was moved aside from the focal point, thongh 
it remained at an equal distance fi\>m the ear. An experi- 
ment of M. Dove seems, indeed, to show an effect of polari- 
sation of sound. 

The phenomena presented by heat, viewed according to 
the dynamic theory, cannot be explained by the motion of an 
imponderable etber, but involve the molecular actions of 
ordinary ponderable matter. The doctrine of propagation by 
undulations of ordmaiy mittor is very generally admitted bv 
tl so who support the djmamical theory of beat, but tbe 
sjalogies of tbe phenomena presented by heat anl light are 
so close, that I cmnot see how a theory j.; plied to the one 
a»ent should not bo appbtable to the othei When heat i^ 
iiansmitted, reflected, leiracted, oi polan^ed, can we vien 
tint as an aftection ot oidinary matter, and when the samt 
effet-N talic plaii^ with light, view tbe phenomena a-j pio 
duced by an imj >.u jerable ether, ind bj that alone ' 

An objection t at immediilely occuis to the mind in 
rcfLrenn, to the i,tl creal bypothi,'<is of li^ht is, that the most 
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porous bodies aro opaquo ; cork, charcoal, pumice stone, drietl 
and moist wood, &c., all very porous and very light, aro all 
opaque. This objection is not so euperficiaJ as it might seem 
at first sight. The theory which assumes that light is an 
midulation of an ethei-eal medium pervading gross matter, 
assumes the distances between the molecules or atoms of 
matter to be very great. Matter has been likened by Demo- 
critus, and by many modern philosophers, to the starry firma- 
ment, in which, though the individnaJ monads are atiromenao 
distances from each other, yet they have in tho aggregate a 
character of unity, and aro firmly held by attraction in their 
respective positions and at definite distances. Now, if matter 
he built up of separate molecules, then, aa far as our knowl- 
edge extends, the lightest bodies would be those in which the. 
molecules are at the greatest distances, and those in which 
any undulation of a pervading medium would be the least 
interfered with by tlie separated particles — such bodies should 
consequently be the most transparent. 

If, again, the analogy of the starry firmament held good, 
in this case an undulation or wave proportioned to the indivi- 
dual monads would be broken up by the number of them, and 
the very appearance of continuity which results, as in the 
milky way, from each point of vision being occupied by one 
of the monads, would show that at some portion of its pro- 
gress the wave is interrupted by one of them, so that the 
whole may be viewed in some respect as a sheet of ordinary 
matter interposed in the ethereal expanse. 

Even then, if it be admitted that a highly elastic medium 
pervades the interspaces, the separate masses as a whole must 
exercise an important infiuence on the progress of Hie wave. 

Sound or vibrations of air meeting with a screen, or, as 
it were, sponge of diffused particles, would be broken up and 
dispersed by them ; but if they be sufficiently continuous to 
take up the vibration and propagate it Ihemseives, the sound 
continues comparatively unimpaired. 
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With regard, however, to liqiiid and gaseous Lodies, tiiei-e 
are very great djificultics in viewing them as consisting of 
separate and distant molociilos. If, for instance, we assume 
witli Young that the parfidea in water are at least as distant 
from each other comparatively as 100 men would ho if dis- 
persed at equal distances over the surface of England, the dis- 
tance of these particles, when the water is expanded into 
steam, would he increased more than forty times, so that the 
100 men would be reduced to two, and hy further increasing 
the temjierature this distance may be indefinitely increased ; 
adding to the effects of temperature rarefaction by the air- 
pump, we may again increase the distance, so that, if we as- 
sume any original distance, we ought, by expansion, to in- 
crease it to a point at which the distance between molecule 
and molecule should become measurable. But no extent of 
rarefaction, whether by heat or the air-pump, or both, makes 
the slightest change in the apparent continuity of matter ; 
and gases, I find, retain tlieir peculiar character, as far as a 
judgment of it can be formed from its effect on the electric 
spark, throughout any estent of rarefaction -which can expei^ 
imentally be applied to tliem : thus the electric spark in prot- 
oxide of nitrogen, however attenuated, presents a crimson 
tint, tliat in carbonic oxide a greenish tint. 

Without, however, entering on the metaphysical enquiry 
as to the constitution of matter (or whetlier the atomic phil- 
osophers or the followers of Boscovich are right), a question 
which probably human appliances will never answer: and 
even admitting that an ethereal medium, not absolutely im- 
ponderable as asserted by many, but of extreme tenuity, per- 
vades matter, stiU ordinary or non-ethereal matter itself must 
exercise a most important action upon the transmission of 
light ; and Dr. Toung, who opposed the theory of Euler, that 
light was transmitted by undulations of gross matter itself, 
just as sound is, was afterwards obliged to caU to his assis- 
tance the vibrations of tlie ponderable matter of tlie refract 
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iag media, to explain wliy rays of all eoloura were not equal- 
ly refracted, anil oilier difficulties. One of his arguments in 
support of the existence of a permeating ether waa, " that a 
medium reaembling in many properties that wliich has been 
denominated Ether does exist, is undeniably proved by the 
phenomena of electricity." Thia seems to me, if I may ven- 
ture to say so of anything proceeding from so eminent a man, 
Bcareely logical : it is supporting one hypothesis by another, 
and considering that to be proved which its most strenuous 
advocates admit to be surrounded by very many difficulties. 

If it be said that there is not sufficient elasticity in ordi- 
nary matter for the transmission of undulations witi such ve- 
locity as light is known to travel, this may be so if the vibra- 
tions be supposed exactly analogous to those of sound ; but 
that molecular motion can travel vrith equal and even greater 
velocity than light, is shown by the rapidity with which elec- 
tricity traverses a metal wire where each particle of metal is 
imdoubt«dly affected. It has, moreover, been shown by the 
experiments of Mr. Latimer Clarke upon a leng^ of wire 
of 760 miles, tliat whatever be the intensity of electrical cm'- 
ronfcg, they are propagated with the same velocity provided 
the effects of lateral induction be the same — a striking anal- 
ogy with one of the effects observed in the propagation of 
light and sound. The effects observed by MM. Fizean and 
Foucault, of the slower progression of light in proportion as 
the transmitting medium is more dense, seem to me infavour 
of the view here advocated ; as a greater degree of heat 
would be produced by light in proportion to the density of 
the medium, force would be thus carried off, and the molecular 
system disturbed so that the progress of the motion should be 
more slow ; but so many considerations enter into this question, 
and the phenomena are so extremely complex, tliat it would 
be rash to hazard any positive opinion. 

Dr. Young ultimately came fo the conclusion that it was 
eimplost to consider the ethereal medium, together witli the 
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material atoms of the substance, as eonstitutiug together a 
compoHnd medium denser than pure ether, but not more elas- 
tic. Ether might thus be viewed as performing the functions 
which oi! does with tracing paper, giving continiiity to the 
parfieles of gross matter, and in the interplanetary spaces 
forming itself the medium which transmits the undulations. 

Since the period when Huyghens, Euler, and Young, the 
fethers of the uadolafory theory, applied their great minds to 
fMs subject, a mass of experimental data has accumulated, 
all tending to establish the propositions, that whenever inatter 
transmitting or reflecting light undergoes a structural change, 
the light itself is affected, and that there is a connection or 
parallelism between the change in the matter and the change 
in the affection of light, and conversely that light will modify 
or change the structure of matter and impress its molecules 
with new characteristics. 

Transparency, opacity, refraction, reflection, and colour 
were phenomena knovra to the ancients, but sufficient attention 
does not appear to have been paid by them to the molecular 
states of the bodies producing Uiese effects ; thus the trans- 
parency or opacity of a body appears to depend entirely upon 
its molecular arraugem.eiit. If strise occur in a lens or glass 
through which objects are viewed, the objects are distorted ; 
increase the number of these striae, the distortion is so in- 
creased that the objects become invisible, and the glass ceases 
to be transparent, though remaining translucent; but fdter 
completely the molecular structure, as by slow sohdification, 
and it becomes opaque. Take, again, an example of a liquid 
and a gas : a solution of soap is transparent, air is transpar- 
3nt, but agitato them together bo as to form a froth or lather, 
and this, tliough consisting of two transparent bodies, is 
apaque ; and the reflection, of light from the surface of tliese 
bodies, when so intermixed, is stritingly different from its re- 
flection before mixture, in the one case giving to the eye p 
mere general effect of whiteness, in the other the images oJ 
obiects in their proper shapes and colours. 
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To taie a more refined instance : nitrogen is pcrfoetly 
colourless, oxygea ia perfectly coloiirlesa, but cLemically nni- 
tad in certain proportions they form nitrooB acid, a gas which 
fias a deep orange brown colour. I know not how the col- 
oar of this gas, or of such gases as chlorine or vapour of 
iodine, can be aecoimt«d for by the ethereal hypothesis, with- 
out calling in aid molecular affections of the matter of these 
gases. 

Colonr in many instances depends ujKin tbe thickness of 
the plate or filTn of transparent matter npon which lightis in- 
cident ; as in all those cases which are termed the colours of 
thin plates, of which the soap bubble affords a beautiful in- 
stance- 
When we arrive at the more recent discoveries of double 
refraction and polarisation, the effects of light are found to 
trace out as it were the structure of the naatter affected, and 
the crystalline form of a body can be determined by the 
effects which a minute portion of it exercises on a ray of 
light. 

Let a piece of good glass be placed in what is called a 
polariscope, or instrument in which light that has undergone 
polarisation is transmitted through the substance to be exam- 
ined, and the emergent light is afterwards submitted to anoth- 
er substance capable of polarising light, or, as it is termed, an 
analyser ; no change in effect will be observed. Kemove the 
glass, heat it and suddenly or quickly cool it as to render it 
nnannealed, in which state its molecules are in a state of 
tension or strwn, and the ^ass highly brittle, on replacing it 
in the polariscope, a beautiful series of colours is perceptible, 
[ustead of subjecting the glass to heat and sudden cooling, 
let it be bent or strained by meebanieal pressure, and the col- 
ours wiE be equally visible, modified, according to the direc- 
tion of the flexure, and indicating hj their course the curves 
where the molecular state has been changed bypressure. So 
if tough glue he elongated and allowed to cool in a Stretched 
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Btatc, it doubly refracts light, and the colours are sho^vn as in 
the instance of glass. 

Suhmit a series of crystals to the same examination, and 
different flguies will be formed by different crystals, bearing 
B. constant and definite relation to the structwre of the partic- 
ular crystal examined, and to the direction in which, with 
reference to crjatalline form, the ray crosses tiic crystal. 

In the crystallised &alta of paiatartaric acid, M. Pasteur 
noticed two sets of crystals which were hcmihcdril In oppo- 
site direction', i e the ciystals of one setweie tj those of 
the other as to their own image reflected m a imiror ; oc 
making a separate solution of each of tliese classes of crys- 
tals, he found that the solution of the one (la«3 rotated the 
plane of polaiiaation to the right, whili, that oi the other 
class rotated to the left, and that a mixture m pioper propor- 
tions of the two solutions produced no deviation in the plane 
of polarisation. Tet all tiiese three solutions are what is tinn- 
ed isomeric, that is, have as far m can be discovered the same 
chemical constitution. 

la the above, and in inntimerable other cases, it is seen 
that an alteration in the structure of ft transparent substance 
alters the character and effects of the toansmitted light. The 
phenomena of photography prove that light altera the struc- 
ture of matter submitted to it ; with regard even to vision it- 
self, the persistence of images on the retina of tlie eye would 
seem, to ahow that its structure was changed by the Impact 
of light, the luminous impressions being as it were branded 
on the retina, and the memory of the vision being the scar of 
such brand. The science of photography h^ reference main- 
ly to solid substances, yet there are many instances of liquid 
and gaseous bodies being changed by the action of light ; tlma 
hydrocyanic acid, aliqwld, undergoes a chemical change and 
deposits a solid carbonaceous compouml by the action of 
light. Chlorine and hydrogen gases, when mi\cd and pre- 
served in darkness, do not unite, but when exposed to light 
'apidly combine, forming hydrochloric aeid. 
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The above facts — and many others might have been given 
— go far to connect light with motion of orilinarj' mattei', and 
to show that many of the evidences which our senses receive 
of the existence of light result from changes in matter itself, 
When the matter is in the solid state, these changes are more 
or less permanent ; when in the liquid or gaseous state, they 
are temporary in the greater number of instances, unless there 
be some chemical chaage effected, which is, as it were, seized 
upon during its occurrence, and a resulting compound formed, 
which is more stable than the original compoand or mis- 
ture. 

I might weaiy my reader with examples, showing that, 
in every ease which we can trace out, the effects of light are 
changed by any and every change of structure, and that light 
has a defloite eoanection with the structure of the bodies 
affected by it. I cannot but think that it is a strong assump- 
tion to regard ether, a purely hypothetical creation, as chang- 
ing its elasticity for each change of structure, and to regard 
it as penetrating the pores of bodies of whose porosity we 
have in many cases no proof; the wliich pores must, more- 
over, have a definite and peculiar communication, also assumed 
for the purpose of the theory. 

Ether is a most convenient medium for hypothesis : thus, 
if to account for a given phenomenon the hypothesis requires 
that the ether be m.ore elastic, it is said to be more elastic ; 
if more dense, it is said to be more dense ; if it be required 
bj hypotliesis to be less elastic, it is pronounced to be less 
elastic ; and so on. 

The advocates of the ethereal hypothesis certainly have 
this advantage, that the ether, being hypothetical, can have 
its characters modified or changed without any possibility of 
disproof either of its existence or modifications. 

It may be that the refined mathematical laboui-s on 
light, as on electricity, have given an undue and adventitious 
strength to the hypotheses on which tliey arc based. 
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An objection to whicli the view I have lieen advocating la 
open, and a formidable one, is, the nceosaity involved in it of 
ftnunivcrsalpleunm; forif light, heat, electricity, &c., be affec- 
tions of ordinary matter, then matter must be supposed to be 
everywhere where these phenomena are apparent, and con- 
sequently there can be no vacuum. 

These forces are transmitted tlirough what are called 
vacua, or through the interplanetary spaces, iirhere matter, if 
it exist, m.ust be in a highly attenuated state. 

It may be safely stated tliat hitlierto all att«mpfs at pro- 
cviring a perfect vaouium have failed. The ordinary aii^ 
puinp gives us only highly rarefied air ; aad, by the principle 
of consbraction, even of the best, the operation depends npon 
the indefinite expansion of the volume of air in the receiver ; 
even in the vacuum which is formed in this, so groat is the 
tendency of matter to fill up space, that 1 have observed dis- 
tilled water contained in a vessel within the exhausted receiv- 
er of a good air-pump has a taste of tallow, derived from the 
grease, or an essential oil contained in it, which is used to 
form an air-tight junction between the edges of the receiver 
and the pomp-plate. 

The Torricellian vacuum, or that of the ordinary baro- 
meter, is filled with the vapour of mercury ; but it might be 
worth the tronble to ascertain what would be the effect of a 
good Torricellian vacuum, when the mercury in the tube is 
frozen, wbici might, without much difficulty, be now efiected 
by the use of solid carbonic acid and ether ; the only proba- 
ble diffictdty would be the different rates of contraction of 
mercury and glass, at such a degree of cold, and more par- 
ticularly the contraction of mercury at the period of its 
Bolidiflcation. Davy, however, endeavom-ed to form a 
vacuum, in a somewhat similar manner, over fused tin, with 
but partial success ; he also made many otlier attempts to 
obtdn a perfect vacuum ; his main object being to ascertain 
what would be the effect of electeicity across empty space ; 
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lie admits that lie could not succeed in procuving a vacuum, 
but found electricity much less readily conducted or trans- 
mitted by the best Tacuum he could procure than hy the ordi- 
nary Boylcan vacuum. 

Morgan found no conduction by a good Torricellian vac- 
uum ; and, although Davy does not seem to pla^je ranch reliance 
on Morgan's experiments, there was one point in which they 
were leas liable to error than thoso of Davy. Morgen, whose 
esperlmenia seem to have been carefully conducted, operated 
with hermetically-sealed glass tubes and by induced electricity, 
while Davy sealed a platinum wire into the extremity of the 
tube in which he sought to produce a vacuum. I have found 
in very numerous experiments which I made to cxdudo air 
from water, that platinum wires, most carefully scaled into 
glass, allow liq^uids to pass between them and the glass ; and 
this gives every reason to beheve that gases may equally pass 
through ; I have observed such effect in die gas battery when 
it haa been in action for a long period. Davy supposed that 
the particles of bodies maybe detached, and so produce elec- 
trical effects in a vaoumm ; and such effects would more read- 
ily take place in his experiments, where a wire projected 
into the exhausted space, tian in Morgan's, where the in- 
duced electricity was diffused over the sarface of the glass. 

M. Masson found that the barometric vacuum does not 
conduct a current of electricity, or even a discharge, unless 
the tension is considerable and suf&oient to detach particles 
fi-om the electrodes ; and by adopting a plan of Dr. An- 
drews, viz. absorbing carbonic acid by potash, M. Gassiot 
has recently succeeded in forming vacua across which 
the powerful discharge from the Bhumltorf coil will not 
pass. 

The odour which many metals, such as iron, tin, and 
Buic emit, and the so-called thermographic radiations, we 
can hardly explain upon any other theory tlian the evapora- 
tion of an inBiiitesimally small portion of the metal itself. 
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So uiiiversa] is tte tendency of matter to diffuse itself 
iato space, that it gave rise to the old saying that natura 
ftbhors a vacunni ; an aphorism which, though cavilled at and 
ridiculed by the self-sufficiency of eomo modern philosophers, 
contains in a terse, though somewhat metaphorical, form of 
expression a comprehensive truth, and evinces a large extent 
of observation in those who, with few of the advantages which 
we possess, first generalised by this aentfince the fa«ts of 
which they had become cognisant. 

It has been argued that, if matter were capable of intinite 
divisibility, the earth's atmosphere would have no limit, and 
that consequently portions of it would exist at points of space 
where the attraction of the sun and planets would be greater 
than that of the earth, and whence it would fly off to those 
bodies and form atmospheres around them. This was sup- 
posed to be negatived by the argument of the well-known 
paper of Dr. Wollaston ; in which, from the absence of nota- 
ble refraction near the margin of the sua and of the planet 
Jupiter, he considered himself entitled t« conclnde that the 
expansion of the earth's atmosphere had a definite limit, and 
was balanced at a certain point by gravitation : this deduc- 
tion has been shown to be inconclusive by Dr. "WTiewell, and 
has also been impugned upon others grounds by Dr. Wilson. 
There is a point not adverted to in these papers, and wliich 
Wollaston does not seem to have considered, viz. that there 
is no evidence that the apparent discs of the sun and of Jupi- 
ter show us their real discs or bodies. Sir. "W. Herschcl 
regards the margin of the visible discs as that of clouds or a 
peculiar stal« of atmosphere, and the rapidly changing char- 
acter of the apparent surfiices render some such conclusion 
necessary. If this be so, refraction of an occulted star could 
QOt be detected — at all events, in the denser portion of the 
atmosphere. 

Sir W. Herschel's observations go to prove that Ito 
Sim and Jupiter have dense atmospheres, while WoUaston's 
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^crc liolicved to proTe that lliey have no appreciable almoH 
plicro.. 

If it be ateiitted, or eoneidered proved, tHat tlie sun and 
planele have atmospheres — and little doubt now exists on thia 
point — Iben the gruimds npon whicli Wollaston founded bia 
arguments are untenable ; and there appears no reason why 
(he atmospliere of the different planets should not he, witJi 
reference to eacli. other, in a state of eijuilibriuiu. Ether, or 
Iho highly-attenuated matter existing in tlie interplanetary 
spaces, being an expansion of aomu or all of these atmos- 
pheres, or of the more volatile portions of them, nould thus 
fiimish matter for the transmission of the modes of motion 
wtiich we call liglit, heat, &e. ; and possibly minute portions 
of these atmospheres may, by gradual changes, pass from 
planet to planet, forming a link of material communication 
between the distant monads of the universe. 

The view given above would approximate the theory of 
the transmission of light by the undiilations of ordinary mat- 
ter to the other two theories, which equally suppose the non- 
existence of a vacuum ; for, according to the emissive oi 
corpuscular theory, the vacuum is flUcd by the matter itself, 
of light, heat, &c. ; according to the ethereal, it is filled by 
the all-penetrating ether. Of the existence of matter in the 
interplanetary spaces we have some evidence in the diminish- 
ing periods of comets ; and where, from its highly attenuated 
state, the character of the medium by which the forces are 
conveyed cannot be tested, t)ie term ether is a most appropri- 
ate generic name for such medium. 

Newton has some curious passages on the subject matter 
of light. In the ' Queries to the Optics ' he says : — 

'Are not gross bodies and light convertible into one 

another, and may not bodies receive much of their activity 

from the particles of light which enter their composition? 

* * * The changing of bodies into light and light into 

bodies is very conformable to the course of nature, which 
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Beems delighted with. Iraasmntations. "Water, wliich is a 
Tery fluid, tasteless salt, she changes by heat into vapour, 
which is a soi-t of air, aad by cold into ice, which ia a hard, 
pellucid, brittle, fusible stone, and this stone returns into 
water by heat, and vapotir retnma into water by cold. * * 
And, among such various and strange transmutations, why 
may not nature change bodies into light, and light into 
bodies f ' 

Newton has here seemingly in his mind tlie emissive 
theory of light ; but tlie passages might be applied to either 
theory ; the analogy he saw in the change of state of matter, 
as in ice, water, and vapour, with tlie hypothetic change into 
light, ia very striking, and would seem to show that he regard- 
ed the change or transmutation of which he speaks as one 
analogous to the known changes of state, or consistence, in 
ordinary matter. 

The difference between the view which 1 am advocating 
und that of the ethereal theory as generally enunciated is, 
that the matter which in the interplanetary spaces serves as 
the means of transmitdng by its undulations light and Lcat, I 
should regard as possessing the qualities of ordinary, or as it 
has sometimes been called gross, matter, and parliculaiiy 
weight ; though, from its extreme rarefaction, it would mani- 
fest these properties in an indefinitely small degree ; whilst, oa 
tlie surfiice of the earth, that matter attains a density cognisa^ 
ble hy our means of experiment, and the dense matter is 
itself, in great part, the convoyer of the undulations io which 
these agents consist. Doubtless, in lery many of the forms 
which matter assumes it is porous, and pervaded by more 
volatile essences, which may differ as much in kind as matter 
does. In these cases a composite icedium, sneh-as tiiat indi- 
cated by Dr. Toung, would result ; but even on such a suppo- 
sition, the denser matter would probably exercise the more 
imporlant influence on the tmdulations. Eeturning to the 
somewhat strained hypothesis, that the particles of dense 
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iiiatler in a so-called solid are as distant as t!u3 stars inlieaveii, 
still a certain, depth or thickness of such solid ■would present 
at every point of space a particle or rock in the successive 
progress of a wave, vphich particles, to carry on the move- 
ment, niuat vibrate in unison with it. 

At tho utmost, our assumption, on the one hand, is that 
wherever light, heat, &c., exist, ordinary matter exists, thougL 
it may he so attenuated that we cannot recognise it by tJie 
testfi of other forces, such as gravitation, and that to the ex- 
pansibility of matter no limit can be assigned. On the other 
hand, a specifte matter without weight must be assumed, of 
the existence of which there is no evidence, but in the phe- 
nomeim for the explanation of which its existence is supposed. 
To account for the phenomena the ether is assumed, and to 
prove the existence of the ether the phenomena are cited. 
For these reasons, and others above given, I think that the 
assumption of Hie universality of ordinaiy matter is the least 
gratuitous. 



A quGSiion has oft«n occurred to mo aad possibly to oth- 
ers : Is the continuance of a luminous impulse in the inter- 
planetary spaces perpetual, or does it after a certain distance 
dissipate itself and become lost as HgM — I do not mean by 
mere divergence directly as the squares of the distances it 
travels, but does the physical impulse itself lose force as it 
pi-oceeds? Upon the view I have advocated, and indeed 
upon any undulatoiy hypothesis, there mnst be some reaial>- 
ance to its progress ; and unless the matter or ether in the 
inforplanctjiry spaces be infinitely elastic, and there bo no 
latei-al action of a ray of light, there must be some loss. 
That it is exceedingly minnte is proved by the distance light 
travels. Stars whose parallax is ascertained are at such a 
distance from the earlh that their light, travelhng at the rate 
of 192,500 miles in a second, takes more than ten years to 
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reach tlie eartli ; so that we see them as they existed ten 
years ago. The distance of most visible stars is probably far 
greater l]iaii this, and yet their brilliance is great, and in- 
creases when their rays are collected by the telescope ia pro- 
portion ceteris paribus to the area of the object-glass or spoo- 
vdum. There ia, however, an argument of a somewhat spec- 
ulative character, by which light would seem to be lost or 
transformed iato some other force in the interplanetary spaces. 

Every increase of space-penetraiing power in the tele- 
scope gives us a new field of visible stars. If this expansion 
of the stellar universe go on indefinitely and no light be lost, 
then, assuming the fixed stars to be of an average equal 
brightness with our Stm, and no hght lost other than by diver- 
gence, the night ought to be equally luminous with the day ; 
for though the light froni each point diminishes in intensity 
as the square of the distance, the number of luminous points 
would flu up the whole space around us ; and if every point 
of space is occupied by an equally brilliant point of light, the 
distance of the points becomes immaterial. The loss of light 
intfircepted by stellar bodies would ruake no difiference in the 
total quantity of light, for each of these would yield from its 
own self-luminosity at least as mach light as it intercepted. 
Ligtt may, however, be intercepted by opaque bodies, such 
as planets ; but, mating every allowance for tliesc, it is diffi- 
cult to understand why we get so little light at night from the 
stellar universe, without assuming that some light is lost in its 
progress through space — not lost absolutely, for that would bo 
an annihilation offeree — ^but converted into some other mode 
of motion. 

It may be objected that this hypothesis assumes the atel- 
hr uuj\eise to be illimitable : if pushed to its extreme so as 
lo mate the light of night equal that of day, provided no 
sti,]lar light be lost, it does make tins assumption ; but even 
this IS a far more rational assumption to make than that the 
gtellir universe is limited. Our es:perience gives no indica 
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tion of a limit ; cacli improvemetit ia telescnpic power gUps 
us new realms of stars or of oclrate, whicli, if not steDar 
clusters, are at all events self-lumiaous raalter ; and if we as- 
sume a limit, wliat iait? We cannot conceive a physical 
boundary, for theu immediately cornea tlie question, what 
bounds the boundary? and to suppose the stellar universe to 
be bonndcd by infinite space or by infinite chsios, that is to 
flay, to suppose a apoi^— for it would then become so— of mat- 
ter in definite forms, with definite forces, and probably teem- 
ing with definite organic beings, plunged in a uuivBrse of 
notbing, is to my mind at least far more unphilosophical than 
to suppose a boundless universe of matter existing in forms 
and actions analogous to those wiiich, as far as our examina- 
tion goes, pervade space. But without speculating on topics 
in which the mind loses itaelf, it may not unreasonably he 
expected that a greater amount of light would reach ns from 
the surrounding self-luminous spheres were not some portion 
lost as light, by its action on the medium which conveys the 
impulses. What force this becomes, or what it effecta, it 
would be idle to speculate upon. 
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MAGNETISM, as waa proved by the important discov- 
ery of Faraday, ■will produce eleatridty, bat with this 
peculiarity — titat in itself it is static ; and, therefore, to pro- 
duce a dynamic force, motion niust he superadded to it : it is, 
in fact, direotiye, not motive, altering the direction of other 
forces, but not, in striclness, initiating them. It is difficult 
to convey a definite notion of the force of magnefiem, and of 
the mode in wliich it affects other forces. The foUowing il- 
lustration may give a rude idea of magnetic polarity. Sup- 
pose a nmnber of wind-vanes, say of the shape of arrows, 
wiih the spindles on which they revolve arrangod in a row, 
but the vanes pointing in various directions : a wind blowing 
from the same point ■with an uniform velocity will instantly 
arrange these vanes in a definite direction, the arrow-heada 
or narrow parts pointing one way, the ewallow-taals or broad 
parts another. If they be delicately suspended on their spin- 
dles, a very gentle breeze will so arrange them, and a very 
gentle breeze will again deflect them ; or, if the wind cease, 
and they have been originally subject to other forces, such as 
^avity from, unequal suspension, they will return to irregu- 
lar positions, themselves ci-eating a slight breeze hj their re- 
turn. Such a state of things will represent the state of the 
molecules of soft iron ; electricity acting on them — not indeed 
in straight lines, but in a definite direction — produces a polar 
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arrange me nt, whicli tliey will lose as soon as llic dynamic in- 
'lucing force is removed. 

Let us now suppose the vaues, iuatead of turaing easily, 
lo be more stiffly fixed to the axles, so as to be turned with 
difficulty: it will require a stronger wiaii to move tiem and 
arrange them definitely ; but when so arranged, they will re- 
tain their position ; and stould a gentle breeze spring up in 
anolber direction, it will not alter their position, but will it- 
self be definitely deflected. Should Qi& conditions of force 
and stability be intermediate, both tlie breeze and the vanea 
will be slightly deflected ; or, if there be no breeze, and the 
spindles be aU moyed in any direction, preserving their linear 
relation, they wiU. themaelves create a breeze. Thus it is 
with the moleeules of lard iron or steel in permanent mag- 
nets ; they are polarised with gi'eator difficulty, bat, when so 
polarised, (bey cannot be afFocf«d by a feeble current of elec- 
tricity. Again, if the magnets be naoved, they themselves 
originate a current of electricity ; and, lastly, the magnetic 
polarity and the electric current may be both mutually af- 
fected, if the degrees of motion and stability be intermediate. 

The above instance wiU, of course, be taken only as an 
approximation, and not aa binding me to any closer analogy 
than is generally expected of a mechanical iUnatration. It 
is difficult to convey by words a definite idea of the diifd or 
antithetic character of force involved in tbo term polarity. 
The illustration I have employed may, I hope, somewhat aid 
in elucidating the manner in which magnetism acts on the 
other dynamic forces ; i. e., definitely directing them, but not 
mitialing them, except while in motion. 

Magnets being moved in tlie direction of lines, joining 
their poles, produce electrical currents in such neighbouring 
bodies aa are conductors of electricity, in directions trans- 
verse to the line of motion ; and if the direction of motion 
or the position of (he magnetic poles be reversed, the current 
of electricity flows in a reverse direction. So if the magnet 
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be stationary, conducting bodies moved across any of [lie 
lines of magnetic force, i. e. lines ia the direciion of which 
the naalual action of the poles of tho magnet would place 
minute portions of iron, have currents of electricity devel- 
oped in them, the direction nf which is dependent upon that 
of the motion of the substance with reference to tie magnetic 
poles. Thus, as bodies affected by an electrical current are 
dfsfinitcly moved by a magnet in proximity to them, so con- 
versely bodies m.oved near a magnet Iiave an electrical eur- 
rcut developed in them, Magneti&m can, then, through tte 
mpdium of electricity, produce heat, liyht, and chemical offtn- 
ity. MoUon it can directly produce under the above condi- 
tions ; i. e. a magnet being itself moved will move other fer- 
reous bodies ; these will aoquire a static condition of equilib- 
rium, and be again moved when the magnet is also moved. 
By motioa or arrested motion only, could the phenomena of 
magnetism ever have become known to us. A magnet, how- 
ever powerful, might rest for ever unnoticed and imknowB, 
unless it were moved near to iron, or iron moved near to it, 
so as to corae within the sphere of its attraction. 

But even with other than cither magnetic or electrified 
substances, all bodies will be moved when placed near the 
poles of very powerful magnets — some taking a position ax- 
ia.Uy, or in the line fium pole to pole of the magnet ; others 
equatorially, or in a direction transverse to that lino — the 
former being attracted, the latter apparently repelled, by the 
poles of the magnet. These effects, according to the views 
of Faraday, show a generic difference between the two 
classes of bodies, magnetics and diamagnetics ; according to 
others, a difference of degree or a resultant of magnetic ac- 
tion ; the less magnetic substance being forced into a trans- 
rerse positioa by the magnetisation of the more magnetic 
medium which- surronndg it. 

According to the view g^ven above, magnetism may be 
produced by IJie other forces, just as the vanea in the instance 
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given are definitely deflected, but canaot produce them except 
wliea in motion : motion, therefore, is te be regarded in thia 
case as the initiative force. Magnetism will, however, di- 
rectly affect the other forces — light, heat, and chemical atfin- 
ity, and change their direction or mode of action, or, at all 
events, will so affect matter subjected to these forces, that 
their direction, is changed. Since these lectures v?ere deliv- 
ered, Faraday has discovered a remarkable effect of tho ma^ 
netic force in occasioning the deflection of a ray of polarised 
light. 

If a ray of polarised light pass through water, or thiougli 
oay transparent liquid or solid which does not alter or turn 
aside the plane of polarisation, and the column, say of water, 
through which it passes he subjected to the action of a pow- 
erful magnet, the line of magnetic force, or that which would 
unite the poles of the magnet, being in the same direction as 
the ray of polarised light, the water acquires, with reference 
to the light, similar, though not quite identical, properties to 
oil j)f turpentine — the plane of polarisation is rotated, and 
Ihe dircetioQ. of tJiis rotation is changed by changing the di- 
rection of the magnetic force : thus, if we suppose a polar- 
ised ray to pass first in its course the north pole of the mag- 
net, then between that and the south pole it wUl be deflected, 
or curved to tii'i right ; while if it laeeta the south pole first 
in its course, it will, in its journey between that ajid the north 
pole, bo tQ:ned to tho left. If the substance through which 
the ray 33 transmitted be of itself capable of deflecting the 
plane of polarisation, as, for instance, oil of turpentine, then 
the magnetic influence will increase or diminish this rotation, 
according to its direction. A similar effect to this is observed 
witli polarised heat when the medium through which it is 
transmitted is subjected to magnetic influence. 

Whether this effect of magnetism is rightly termed an ef- 
fect upon light and heat, or is a molecular change of the mat- 
ter transra'tting the light and heat, is a question the resola- 
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tion of which niust be left to the future ; at present, the an- 
Bwer to it ■would depend upon tlie theory we adopt. If the 
view of light and heat which I have stated bo adopted, then 
WB may fairly say that magnetism, in these experiments, di- 
rectly affects the other forces ; for light and heat being, ac- 
cording to that view, motions of ordinary matter, naagnetism, 
in affecting these movements, affects the forces which occa- 
sion them. If, howover, ti.e other theories be adhered to, it 
would be more consistent with the facta to view these results 
as eshihiting an action upon the matter itself, and tho heat 
and light as secondarily affected. 

"When substances are undergoing eheinical changes, and a 
magnet is brought near them, the direction or lines of action 
of the chemical force will he changed. There are many old 
experiments which probably depended on this effect, hut 
which were eiToneously coneidered to prove that permanent 
magnetism could produce or increase chemical action ! those 
have recently been extended and explained by Mr. Hnnt and 
Mr. Wartmiinn, and are now better understood. 

The above cases are applicable to the subject of tiie pres- 
ent Essay, inasmuch as they show a rUation to exist between 
magnetic and the other forces, which relation is, in all proba- 
bility, reciprocal ; but in these cases there is not a production 
of light, heat, or chemical afBnity, by magnetism, but a change 
in their direction or mode of action. 

Thei* is, however, that which may be viewed as a dy- 
namic condition of magnetism ; i. e. its condition at the com- 
mencement and the termination, or during the increment or 
decrement of its development. While iron or steel is being 
rendered magnetic, and as it progresses from its non-magnetic 
to its maximum magnetic state, or recedes from its maximnm 
to zero, ii exhibits a dynamic force ; the moleeulea are, it 
may be inferred, in motion. Similar effects can then be pro- 
duced t« those which are produced hy a magnet whilst in mo- 
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An experiment which I puhliahcd in 1845 tends, I think 
to illustrate thia, and in some degree to show tho character 
of the motion impressed upon the molecules of a magnetic 
metal at the period of magnetisation. A tube filled with the 
liquid in which magnetic oxide of iron had been prepared, 
and terminated at each end by plates of glass, is surrounded 
by a coil of coated ■wire. To a spectator looking through this 
tube a flash of light is perceptible whenever the coil is elec- 
trised, and less light is transmitted when the electrical current 
ceaaes, showing a symmetrical arrangement of the minute 
particles of magnetic oxide while under the magnetic in- 
fluence . 

In this experiment it ehould be borne in mind, that the 
particles of oxide of iron are not shaped by the hand of man, 
as would be the case with iron filings, or similar minute por- 
tions of magnetic matter, but being chemically precipitated, 
are of the form given to them by nature. 

"While magneti=!m I* in the state of change above described, 
it will produce the oth r forces but t may be sa d whJe 
magnetism is thi a i o" es ve some othe fo ce is a t ng on 
it, and therefore t does not mit ate tb s a t ti hut the 
same may be sail of all the other foices they havo no com- 
mencement that we can trac We m st ever lefet them 
back to some antece lent force equal m amount (o that p > 
duced, aad therefo e tl e woi 1 t at ou cannot n strictness 
apply, but must nly he taken a'^ s "u fym the for e lele ted 
as the flrit : this is another reason why the idea of abstract 
causation is inapplicable to physical production. To this 
point I shall again advert. 

Electricity may thus be produced directly by magnetism, 
either when the magnet as a mass is in motion, or when its 
magnetism is commencing, increasing, decreasing, or ceasing ; 
and heat may similarly be directly produced by magnetism, 
I have, since the first edition of this Essay was published, 
communicated tr the Eoyal Society a paper by which I tliinb 
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I have satiafactorily pro'sed, ttut wiienever any metal suscepti- 
ble of magnetism is magnetised or demagnetised, its tempera- 
tnre is raised. This was shown, first, by euhjeeting a bar o£ 
iron, nickel, or cohalt to the influence of a powerful clecti'o* 
magnet, which was rapidly magnetised and demagnetised in 
reverse directions, the electro-magnot itself being kepft cool by 
cisterns of water, so that the magnetic metal subjected to the 
influence of magnetism was raised to a higher temperature 
than the electro-magnet itself, and could not, therefore, have 
acquired its increased temperature by conduction or radiation 
of heat from the electro-magnet ; and secondly, by rotating 
a permanent steel magnet with its pole opposite to a bar 
of iron, a thermo-electric pile being placed opposite the 
latter. 

Dr. Maggi covered a plate of homogeneous soft, iron with 
a thin coating of was mixed with oil, a tube traversed tlie 
centre through which the vapour of boiling water was passed. 
The plate was made to rest on the poles of an electro-magnet, 
with card interposed. When the iron is not magnetised, the 
melted wax assumes a circular form, (he tube occupying the 
centre, hut when the electro-magnet is put in action, (he curve 
marting the boundary of the melted substance changes its form 
and becomes elongated in a direction transverse to the line 
joining (he poles, showing that the conducting power of the 
iron for heat is changed by magnetisation. 

Thus we get heat produced by magnetism and the conduc- 
tion of heat altered by it in a direction having a definite rela- 
(ion to the direction of the magnetism. Is it necessary to 
call in aid ether or tlie substanco ' calorie' to explain these 
results? is it not more rational to regard the calorific effects 
js changes in tiie molecular arrangements of the matter sub- 



There is every probability that magnetism, in the dyna- 
mic state, either when the magnet is in motion, or when the 
maguetic intensity is varying, will also directly produce chemi- 
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cal affinity and ligtt, though, up to the present time, such haa 
not beea proved to he tho case ; the reciprocal effect, also, ol' 
the direct production of maguetism by hglit and heat has not 
yet been esperlmeDtally established. 

I have used, in contradistinction, Ihe terms dynamic and 
static fo represent the different states of magnetisni. The 
applications I have made of these terms maybe open to some 
exception, hut I know of no other woj ds whieh will so nearly 
express my meaning. 

The static condition of magnetism resembles tho static 
condition- of other forces ; such as tho state of tension exists 
ing in tho hoam and a cord <^ a balance, or in a charged 
Leyden phial. The old definition of force was, that wliidi 
caused change in motion ; and yet even this definition pre- 
sents a difS-Oulty : in a case of static equilibrium, such, for 
mstance, as that which obtains in tho two arms of a balance, 
we getthe idea of force without any palpable apparent motion : 
whether there be really an absence of motion may be a doubt- 
ful question, as such absence would involve in this case per- 
fect elasticity, and, in all other cases, a stability which, in a 
long course of time, nature generally negatives, showing, as 
I believe, an inseparable connection of motion with matter, 
and an impossibility of a perfectly immohiie or durable state. 
So with magnetism : I believe no magnet can exist in an 
absolutely stable state, though the duration of its stability 
will he proportionate to its original resistance to assnming 
a polarised condition. Tiiis, however, mnat be taken merely 
as a matter of opinion : we have, in support of it, the general 
faets that magnets do deteriorate in the course of years ; and 
we have the further general fact of the instability, or fluxional 
state, of all nature, when we have an opportunity of fiiirly 
investigating it at different and remote periods ; in many 
cases, however, the aetioa is so slow that the changes escape 
human observation, and, until this can be brought to bear 
over a proportionate period of time, the proposition cannot be 
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said to be experimentally or mductively proved, but must be 
left to the mental conviction of those who cxaraine it by the 
light of already acknowledged facts. 

All cases of static force present the same difficulty : thus, 
two springs pressing against each other would be said to be 
exercising force ; and yet there is no resulting action, no teat, 
no light, &c. 

So if gas be compressed by a piston, at the time of com- 
pression heat is given off; but when this is abstracted, 
although the pressure continues, no further heat is eliminated. 
Thus, by an oquilibrium produced by opposing forces, motion 
is locked up, or in abeyance, aa it were, and may be again 
developed when the forces arc relieved ft'om the tension. 
But in the first instance, in prodndog the state of tension, 
force has to be employed ; and as we have said in treating of 
mechanical force so with the othei toi es the on^mal change 
which disturbs etiuilibnum prodaeei other changes which go 
on without en 1 Thna by the act of chargm^ a Loyden 
phial, the cylmdei , the r ibber and the a Ijoimng portions of 
llie electrical machine have each and aU their states changed, 
and thence produce changi,? m sun funding bodies ad infini- 
tum when the jar is ii rhaiged ccnvciic chingcs -ue again 
produced 

As with heat, light, and elcLtriuty, the daily accumulating 
observations tend to show that each change in tlie phenomena 
(o which these names are given is accompanied by a change 
e' ther temporary or permanent in the matter affected by them ; 
80 many recent experiments on. magnetism have connected 
magnetic phenomena with a molecular change in the subject 
matter. Thus SI- Wertheim has shown that the elasticity of 
iron and steel ia altered by magnetisation ; the co-efficient of 
elasticity in imn being temporarily, in steel permanently 
diminished. 

He has also examined the effects of torsion upon magnet- 
ised iron, and concludes, fi-om his experiments, that in a bar 



Hosted .vGoogle 



of ii'on arrived, at a state of magnetic equilibrium, temporai-y 
torsion diminishea the magnetism, and that Ihe untwisting oi 
return to its primitive state reBtores the original degree oi 



M. Giullemin ohserved that a bar elightly curved by its 
own weight is straightoaed by being magnetised, Mr. Page 
aad Mr. Marrion discovered that a Bound is omitted when 
iron or steel is rapidly magiietised or demagnetised ; and Mr. 
Joule found that a bar of iron is slightly elongated by mag- 
netisation. 

Again, with regard to diamagnetjc bodies, M. Mattcncci 
found that the mechanical compression of glasa altered tha 
rotatory power upon a ray of polarised Kght which it trana- 
imtf«d. He further considered that a change took place in 
the temper of portions of glass which he submitted to the in- 
fluence of powerM magnets. 

The same arguments which have been submitted to 
ihe reader as to the other affections of matter being modes 
of molecular luotjon, arc therefore equally applicable to mag' 
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CIHEMICAL AFFINITY, or tie force by which dissimi- 
/ lav bodies tend to unite and form eomponnda differing 
generally in character from their constituents, ia that mode of 
force of which the human mind has hitherto formed the least 
definite idea. The word itself — affinittf — ^is ill chosen, its 
meaning, in this instance, bearing no analogy to its ordinary 
sense ; and the mode of its action ia conveyed by certain con- 
vent onil exi re 9 ons no dynamic theory ot t wo thy of 
attention having I een adopted Its a on s mo bflea and 
alte 't the cl arac er of matte that tl han^^es it in- 
duces h-ive acquired not perhi; s vo y lo^ eaUy a generic 
conridistnc n f om o ho n at r il changei and we 
thus use as con a I s ngu he I t c t rms phys al and 
chemical 

The ma a dist action bet e n he n I alhn y an 1 physi- 
cal attract on or ag^ej, on, is t! e ditleren e of haraeter of 
the chemical compound from its components. Tiiis is, how- 
ever, but a vague line of demarcation ; in many cases, which 
wonld be classed by all as chemical actions, the change of 
character is but slight ; in others, as in the effects of neutrali- 
Batioa, the difference of character would be a result whicli 
would equally follow from physical attraction of dissimilar 
substances, the previous characters of the constituents dejrend- 
ing upon this very attraction or affinity ; thus an acid corrodcii 
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because it toads to unite with another body ; when united, 
its corrosive power, i. e. its tenJcBCy to unite, being satiated, 
it cannot, so to speak, be further attracted, and it necessarily 
loses its corrosive power. Eat there are other cases where 
no sneh result could d priori be anticipated, as where the 
attraction or combining tendency of the compound is higher 
than that of its constituents ; thus, who could, by physical 
reasoning, anticipate a substance like nitric acid from the 
combination of nitrogen and oxygen? 

The nearest approach, perhaps, that we can form to a 
comprehension of chemical action, is by regarding it (vaguely 
perhaps) aa a molecular attraction or motion. It will 
directly produce mutwnoi definite masses, by the resnlfant 
of the molecular changes it induces : thus, (he projectile 
effects of gunpowder may be cited as familiar instances of 
motion produced by chemieal action. It may be a question 
whether, in this case, tJie force which occasions the motion 
of the mass is a conversion of the force of chemical affinity, 
or whether it is not, rather, a liberation of other forces esistr 
ing in a state of static equilibrium, and having been brought 
into such state by previous chemical aclioni ; but, at aU 
events, tliroagh the medium of electricity chemical affinity 
may be dhectly and quantitatively converted into the other 
modes of force. By cbemical affinity, then, we can directly 
produce eleatricify; this latter force was, indeed, said by 
Davy to be chemical affinity acting on masses : it appears, 
rather, to be chemical affinity acting in a definite direction 
through a chain of particles ; but by no definition can the 
exact relation of chemical affinity and electricity be expressed ; 
for the latter, however closely related to the former, yet exists 
where the former does not, as in a metallic vrire, which when 
electrified, or conducting electricity, is, nevertheless, not 
ehemically altered, or, at least, not known to be ehemieally 
-d^Oicd. 

Volta, the antitype of Prometheus, first enabled us de 
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finitely to relate tlie forces of chemistry aad electricity. 
When two dissimilar metals in contact are immersed in a 
liquid helongiiig to a certain class, and capable of acting 
chemically on one of them, what is termed a voltaic circuit is 
formed, and, by the chemical action, that peculiar mode of 
force caOed an electric current is generated, which circulates 
from metal to metal, across the liquid, and tlirough the points 
of contact. 

Lot us take, as an instance of the conversion of chemical 
force into electrical, the following, which I made known some 
years ago. If gold be immersed in hydrochloric acid, no 
chemical action takes place. If gold be immersed in nitric 
acid, no chemical action tates place ; but mix the two acids, 
and the immersed gold is chemically attacked and diaaolved : 
this anisordinaryclieinicalaction, the result of a double chenii 
cal affinity. In hydrochloric acid, which is composed ol 
chlorine and hydrogen, the affinity of chlorine for gold being 
less than its affinity for hydrogen, no change takes place ; but 
when the nitric acid is added, this latter containing a great 
quantity of oxygon in a state of feeble combination, the 
affinity of oxygen for hydrogen oppMes that of hydrogen for 
chlorine, and then the affinity of the latter for gold is enabled 
to act, tlie gold combines with the chlorine, and chloride of 
gold remains in solution in the liquid. Now, in order to 
exhibit this chemical force in the form of electrical force, 
instead of mixing the liquids, place them in separate vessels 
or compartments, but so that they may be in contact, which 
may be effected by having a porous material, such as uu- 
glazed porcelain, amianthus, &c., between them. Immerse in 
each of these liquids a strip or wire of gold : as long aa these 
pieces of gold remain separated, no chemical or electrical 
eifect takes place; bnt the instant they are brought ir-.lo 
metallic contact, either immediately or by connecting each 
with tlie same metallic wire, chemical action takes place — 
the gold in the hydrochloric acid is dissolved, electrical action 
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also takes placQ, flie nitric acid is deosiclised by the trans- 
ferred hydrogen, aad a current of electi-icity may he detected 
in the metals or connecting nietal hy the application of a gal 
vanomcter or any instrument appropriate for detectiDg such 
effect. 

There are few, if any, chemical actions which cannot be 
esiperimentally made lo produce electricity ; tlio oxidation of 
metals, the hiiming of combustibles, the combination of oxy 
gen and hydrogen, &c., may all be made sources of eleo 
tricity. The common mode in which the electricity of the 
voltaic battery is generated is by the chemical action of water 
upon zinc ; thia action is iccreascd by adding certain acids to 
the water, wliich enable it to act more powerfully upon the 
zinc, or ia some cases act themselves upon it ; and one of the 
moat powerful chemical actions known — that of nitric acid 
upon oxidable metals — is that which produces the most pow- 
erful voltaic battery, a combination which I made known in 
the year 1839 ; indeed, we may safely say, tliat when the 
chemical force is utilised, or not wasted, but all converted into 
electrical force, the more powerful the chemical action, the 
more powerful is the electrical action which results. 

If, instead of employing manufaoturecl products or educfs, 
such as zinc and acids, we conld realise as electricity the 
whole of the chemical force which ia active in the combustion 
of cheap and abundant raw materials, such as coal, wood, fat, 
&c., with air or water, wo should obtain one of .the greatest 
practical desiderata, and have at our coromand a mechanical 
power in every respect superior in its applicability to the 
steam engine. 

I have shown that the flame of the common blowpipe gives 
rise to a very marked electrical current, capable not only of 
affecting the galvanometer, but of producing chemical decom- 
position : two plates or coils of platinum are placed, the one 
in the portion of the flame near the orifice of the jet, or af 
the points where combustion commences, the other in tlie full 
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yellow flsime where combustion is at its maximum ; this lattei 
should be kept cool, to enable a thermo-electric current, which 
ia produced by the different temperature of the platinum 
plates, to eo-operato with the flame current ; wires attached 
to the platea of platinum form the terminals or poles. By a 
row of jeta a flame battery may be formed, yielding increased 
effects ; but in these experiments, though theoretically inter- 
esting, so small a fraction of the power, actnaUy at work in 
the combustion, has been thrown into an electrical form, that 
there is no immediate promise of a practical result. 

The quantity of the electrical cm^rent, as meaaared by the 
quantity of matter it acts upon in its different phenomenal 
effects, is proportional* to the quantity of chemical action 
which generated it ; and its intensity, or power of overcoming 
resistance, is also proportionate to the intensity of chemical 
aflinity when a single voltaic pair is employed, or to the num- 
ber of rednplications when the well-known, instrument called 
the voltaic battery is used. 

The mode in which the voltaic current is increased in in- 
tensity by these reduplications, is in itself a striking instance 
of the mutual relations and dynamic analogies of different 
forces. Let a plate of zinc or other metal possessing a strong 
aflinity for oxygen, and another of platinum or other metal 
possessing little or no affinity for oxygen, be partially im- 
mersed in a vessel, A, containing dilute nitric acid, but not 
in contact with each other ; let platinum wires touching each 
of these plates have their extremities immersed in another 
vessel, B, containing also dilute nitric acid : as the acid in 
vessel A is decomposed, by the chemical affinity of the zinc 
for the oxygen of the acid, the acid in vessel E is also decom- 
posed, oxygen appearing at the extremity of the wire which 
is connected with the platinnm : the chemical power is con- 
veyed or transferred through the wires, and, abstracting cer- 
tain local effects, for every unit of oxygon which combines 
with the zinc in the one vessel, a imit of oxygen is evolved 
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from the platinum wire in tlie other. The platinnm wire is 
thus thrown into a condition analogous to zioc, or has a pow 
er given to it of determining the osygen of the liquid to ita 
surface, though it cannot, as is the case with zinc, com 
bine with it under similar circumsta,nces. If we now suhsti 
tute for tho platinum wire which was connected with the 
platinum plate, a aitic wire, we have in addition to the deter- 
miniog tendency hy which the platinum was affected, thp 
chemical aflinity of the oxygen in vessel B for the zinc wire . 
thus we have, added to the force which was originally pro- 
duced by the zinc of the combmatioQ in vessel A, a second . 
force, produced hy the zinc in vessel B, co-operating with the 
first ; two pairs of zinc and platinum thus connected produce, 
therefore, a more intense effect than one pair ; and if we go 
on adding to these alternations of zinc, platinum, and Hquid, 
we obtain an indefinite exaltation of chemical power, just aa 
in mechanics we obtain accelerated motion by adding fresh 
impulses to motion already generated. 

The same rule of proportion which holds good in chemi- 
cal combinations also obtains in electrical efiects, when these 
are produced by chemical actions. Dalton and others proved 
that the constituents of a vast number of compound substances 
always bore a definite quantitative relation to each other : 
thus, water, which consists of one part by weight of hydro- 
gen united to eight parts of oxygen, cannot be formed by the 
same elements in any other than these proportions ; you can 
neither add to nor subtract from the normal ratio of the 
elements, without entirely altering the nature of the com- 
pound. Further, if any element ho selected as unity, the 
combining ratios of other elements will bear an invariable 
quantitative relation to that and to each other : thus if hydro- 
gen be chosen as 1, oxygen wiU be 8, chlorine will be 36 ; 
that iSj oxygen will unite with hydrogen in the proportion of 
8 parts by weight to 1, while chlorine will unite with hydro- 
gen in the proportion of 86 to 1, or with oxygen in the pro- 
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portion of 36 to 8. Numbers expressing their oombining 
■weights, whicii are thus relative, not absolute, may bj a con- 
ventional assent as to the point of unity, he fixed for all chemi- 
cal reagents ; aad, when so fixed, it wiU be found that bodies, 
at least in inorganic compounds, geaeraUy unite in those pro- 
portions, or in simple multiples of them : these proportions 
are tormed Equivalents. 

Now a voltaic battery, which eonaisi« usually of altema^ 
tions of two metals, and a liquid capable of acting chemically 
upon one of them, has, aa we have seen, the power of pro- 
ducing chemical action in a liquid connected with it by metals 
upon which this liquid is incapable of acting : ia such ease the 
cxmstituenta of the liquid will be eliminated at the surfaces of 
the immersed metals, and at a distance one from the other. 
For example, if the two platinum terminals of a voltaic 
battery be immersed in water, oxygen will he evolved at one 
and hydrogen at the other terminal, exactly in the propor- 
tions in which thoy form water ; while, to the most minute 
examination, no action is perceptible in the stratum of 
liquid. It was known before Faraday's time that, while this 
chemical action was going on in the subjected liquid, a chemi- 
cal action was going on in the cells of the voltaic battery ; 
but it was scarcely if at all known that the amoiiat of chemi- 
cal action in the one bore a constant relation to the amount 
of action m the other. Faraday proved that it boro a direct 
equivalent lelation: that is, supposing the battery to be 
formed of zmi, platinum, and water, the amoimt of oxygen 
which united with the zinc in each cell of the battery waa 
exactly equil to the amount evolved at the one platinum ter- 
minal, whde the hydrogen evolved from each platinum plate 
of the battery wia equal to the hydrogen evolved from the 
other platinum terminaL 

Supposing the battery to be charged with Lydrocliloric 
Bcid, instead of water, while the terminals are separated by 
water, then for every 36 parts by weight of chlorine which 
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imitod with cauh. plate of zinc, eight parts of osygen would 
be evolved from one of the platiaum ternainals : tJiat is, the 
weights wotild be precisely in the same relation which Dalton 
proved to exist in their chemical combining wcighla. TJiia 
may be extended to all liquids capable of heing decomposed 
by the voltaic force, thence called Uledrolytes : and as no vol- 
taic eflect is produced by liquids incapable of being thus de- 
composed, it follows that voltaic action is chemical action tak- 
ing place at a distance, or transferred tlirough a chain of 
media, and tiiat the chemical equivalent numbers are the ex- 
ponents of the amount of voltaic aetioa for eorrospondiag 
chemical substances. 

As heat, light, magnetism, or motion, can be produced by 
the requisite application of the electric current, and as this is 
definitely produced by chemical action, we get these forces 
very deflnitely, though not immediately, produced by chemi- 
cal action. Let us, however, here enqnu-e, as we have al- 
ready done with riapect to tte other forces, how far other 
forces may directly emanate from chemical affinity. 

Seat is an immediate product of chemical afSnity. I 
know of no exception to the general proposition that all bod- 
ies in chemically combining produce heat ; i. e. if solu- 
tion be not considered as chemical action, and even in that 
case, when cold results, it ia from a change of consistence, as 
from the solid to the liquid state, and not from chemical 
action. 

We shall find that the same view of the expenditure of 
force which we have considered in treating of latent Leat 
holds good as to the expenditure of diemical force when re- 
garded with reference to the amount of heat or repuLive 
force which it engenders, the chemical force being here ex- 
liauated by chemical expansion — that is, by heat. Thus, in 
the chemical action of the ordinary comliuution of coal and 
oxygen, the expenditure of fuel will be ia proportion to the 
expansibility of the substances heated ; wafer passing freely 
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bto the steam will consimie more fuel thaa if it be coofiiicJ 
and kept at a temperature above its boiling point. 

"Why chemical action produces heat, or what is the action 
of the m.olecules of matter when chemically uniting, is a 
question upon which many theories have been proposed and 
which may possibly be never more than approximately re- 
solved. 

Some authors explain it by the condensation which takes 
place; but this will not account for tliemaity instances where, 
from the liberation of gases, a great increase of volume en- 
sues upon chemical combustion, as in the familiar instance 
of the explosion of gunpowder : others explain it as resulting 
from the union of atmospheres of positive and negative elec- 
tricity which are assumed to surround tlie atems of bodies ; 
but this involves hypothesis upon hypothesis. Dr. Wood has 
lately thrown out a view of the heat of chemical action which 
is more in accordance with a dynamic theory of heat, and 
as snch demands some notice. Starting with his proposition, 
which I have previously mentioned, ' tliat tlie nearer the par- 
dclea of bodies are to each other the less they require to 
m.ove to produce a ^ven motion in the parlides of another 
body,' hia argument, if I rightly understand it, assumes some- 
thing of this form. 

In tie mechanical approximation of the particles of a 
homogeneous body heat results ; the particles a aot the body 
A would, by their approximation, produce espanaion in the 
neighbourjixg body B, the more so in proportion aa they them- 
selves were previously nearer to each other, la chemically 
combining, a a the particles of A are brought into very close 
proximity with b h the particles of B ; heat should therefore 
result, and the greater because the proximity may faii-ly be 
assumed to be greater in the case of chemical combination 
than in that of mechanical compression. In cases, then, 
where there is no absolute diminution of bulk ensuing on 
chemical combination, if the greater proximity of the com' 
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Lining particles be such tliat the correlative expansion oagbt 
to be greater (if there were no ctemical combination) than 
that occupied by the total volmno of the new compound, an 
extra expanding power is ovolvod, and heat or expansion 
ought to be produced in surroimding bodies. In other words, 
if a a could he brought by physical attraction as near each 
other as they are by ohetnical attraction brought near to b &, 
they would, from their increased proximity, produce an ex- 
pansive power ultra the volume occupied by the aetual chem- 
ical compound A and B, The question, however, immedi- 
ately occurs, why should the volume of the coiapound be lim- 
ited and not occupy the ftdl space equivalent to the expanding 
power induced by the contraction o pp oxima n of he 
particles. As the distance of the part 1 is he s il ant 
of the contending contracting anl xja din p w s lus 
result ought to express itself in te ■m o ha 1 lume 
produced by the combination, wha h t tamly d a no 

Though I see some difficulties qD "Wolsl y, anl 
perhaps have not rightly conceived it, his views have to my 
mind great interest, his mode of regarding natural plienomena 
being analogous to that which I have in this Essay, and for 
many years, advocated, viz, to divest physical science as 
much as possible of hypotlictic fluids, ethers, latent entities, 
occult qualities, &c. My own notion of the heat produced 
by chemical combination, though I scarcely dare venture an 
opinion upon a subject so controverted, is, that it is analogous 
to the heat of friction, that the particles of matter in dose 
approaimation and rapid motion inter se evolve heat as a con- 
tinnation of the motion interropted by the friction or intesti- 
nal motion of the particles: heat would thus be produced^ 
whether the resulting compound were of greater or less bulb 
than the sum of the components, though of course when tlie 
compound is of greater bulk less heat would be apparent in 
aeighb During bodies, the expansion taking place in one of the 
substances themselves — I say in one of them, for it is stated 



Hosted .vGoogle 



163 COKKELATtOH 01' PHYSICAL F0ECE8. 

in books of authority that tJierc is no inataace of two or moi-a 
soKds or liquids, or a, solid and a hquid, combining and pro- 
ducing a compound which is entirely gaseous at ordinary 
temperatures and pressings. The substance gun-cotton, how- 
ever, discoveredby Dr. Schoenbein, very nearly realises this 
proposition. 

Dr. Andrews has arrived at the conclusion, after careful 
experiment, that ia chemical combinations where acids and 
altalies or analogous substances are employed, the amount of 
heat produced is determined by the basic ingredient, and his 
experiments have received general assent ; although it should 
be stated that M. Hess arrived at contrary results, the acid 
constituent according to his experiments furnishing tlie meas- 
ure of the heat developed. 

lAghtis directly produced by chemical action, as in the flash 
of gunpowder, the biiming of phosphorus in oxygen gas, and all 
rapid combustions : indeed, wLorovorintenae heat is developed, 
light accompanies it. In many eases of slow combustion, 
such as the phenomena of phosphorescence, the light is apparent^ 
ly much more intense than the heat ; the former being obvious, 
the latter so diflicolt of detection that for a long time it vras 
a qaesfion whether any heat was eliminated ; and I am not 
aware that at the present day, any thermic effects from cer- 
tain modes of phosphorescence, such as those of phospho- 
rescent wood, putrescent fish, &e., have been detected. 

Chemical action produces majrweiismwheneveritis thrown 
into a definite direction, as in the phenomenon of electrolysis. 
I may adduce the gas voltaic battery, as presenting a simple 
instance of the direct production of magnetism by chemical 
synthesis. Oxygen and hydrogen in that combiaation chemi- 
cally unite ; but instead of combining by intimate molecular 
admistuie, as in the ordinary eases, they act upon water, i. e. 
combined oxygen and hydrogen, placed between them so as 
tj produce a line of chemical action ; and a magnet adjacent 
to this line of action is deflected, and places itself at right 
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angles to it. Wtat a ctam of molecules doea here, there 
can. be no doubt all the molecules enlermg into ^combination 
would produce in ordinary cbemical actions ; but in such 
cases, the direction of the lines of combination being irregu- 
lai' and confijsed, there is no general resultant by which !he 
magnet can be affected. 

What the os:a«t nature of the transference of chemical 
power across an electrolyte is, we at present know not, nor 
can we form amy raore definite idea of it than that given by 
the theory of Grotthua. We have no knowledge as to the 
exact nature of rmy mode of chemical action, and, for the 
present must leave it aS an obscure action of force, of which 
future reaearchea may simplify our apprehension. 

"VYe have seen that an equivalent or proportionate electri- 
cal efiect is produced by a given amount of chemical action ; 
if we, in turn, produce heat and magnetism and motion by 
the electricity resulting from chemical action, we shall be able 
to raeasure these forces far more accurately than when they 
are directly pro In d and tl us to d d ce their equivalent re- 
lation to the initial hemi al a tion Thua M. Favre, after 
ascertaining the qii nt ty of h at p la ed by the oxidation 
of a quantity of n nd flnbn aa hive others, tliat the 
heat is the same when e ol ed from a oltaic battery by ilie 
same consumption of amc fortain^ its positive element, makes 
the following experiment. 

A voltaic battery and electro-magnet are immersed in cal- 
orimeters, and the heat produced when the connection with 
the magnet is effected is noted. 

The electro-magnet is tlien made to raise a weight, and 
thna perform mcehanical work, and the heat produced is 
»gain noted. It is found in the latter case that less heat is 
evolved than in the former, a certain quantity of heat has 
therefore been replaced by tho mechanical work ; and by esti- 
mating the amount of heat subtracted, and the amount of 
work pToduced, he deduces the relative equivalent of work to 
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heat, Tliese esperlmentB give a production of mcchaiiica.' 
work by chemical action, not, it is true, a direct production, 
but, as the heat and work are in inverse ratios, and each has 
its soiu;co in cliemieal action, they prove tliat they are definite 
tor a definite amount of chemical action, and as each is pro- 
duced respectively by electricity and magnetism, these forces 
must also bear a definite relation to the initial chemical force. 

The doctrine of definite combining proportions, which so 
beautifully serves to relate chemistry to voltaic electricity, 
led to the atomic theory, -which, though adopted in its anlver- 
sality by a large majority of cheroiBtB, presents great difficol- 
tjes when extended to all chemical cofnhinations. 

The equivalent ratios in whidi a great number of sub- 
stances ehemicaUy combine, hold good in so many instances, 
that the atomic doctrine is believed by many to be universally 
applicable, and called a law ; and yet, when followed in tiie 
combinations of substances whose natural chemical attractions 
are very feeble, the relation fades away, and is sought to be 
recovered by applying a separate and arbitrary multiplier to 
the different conatituenta, 

Thus, when it was found that a vast number of aubstanees 
combined in definite volumes and weights, and in definite vol- 
ames and weights only, it was argued that flieir ultimate 
jiolecules or atoms had a definite size, as otherwise tlioro 
was no apparent reason why this equivalent ratio should hold 
good : why, for instance, water should only be formed of two 
volumes or one unit by weight of hydrogen, and of one, vol- 
ume or eight units by weight of oxygen ; why, unless there 
were some ultimate limits to the divisibility of its molecules, 
should not water, or a fluid substance approximating to water 
in character, bo formed by a half, a third, or a tenth part of 
hydrogen, with eight parts of oxygen? 

It was perfectly consistent with the atomic view that a 
substance might be formed with, one part combined with eight 
parts, or with sixteen, or with twenty-four, for in such a sub- 
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stance there would be no subdiviaion of tlie (supposed indivi- 
Bible) molecule ; and tLia beld good witli many compounds ■ 
tbus fourteen parta by weiglit, gay graina of nitrogen, wHi 
combine respectively witb eight, sixteen, twenty-foor, thirty- 
two, and forty parts by weight, or grains, of oxygon. 

So, again, twenty-seven grains of iron will combine with 
eight grains of oxygen or with twenty-four grains, i. e. three 
proporiionals of oxygen. No compound is known in wticb 
twenty-seven grains of iron wiU combine with two propor- 
tionals or sixteen grains of oxygen ; but this does not much 
affect the theory, as such a compound maybe yet discovered, 
or there may be reasons at present vmknown why it cannot be 
formed. 

But now comes a difficulty : twenty-seven parts by weight 
of iron wUl combine with twelve parts by weight of oxygen, 
and twenty-soven parts of iron will also combine wit" ten 
and two-third parts of oxygen. Thus if we retain the nnit 
of iron we must subdivide the unit of oxygen, or if we retain 
the unit of oxygen we must subdivide the unit of iron, or we 
must scbdivido both by a different divisor. Wliat then be- 
comes of the notion of an atom or molecule physically indi- 
visible? 

If iron were the only substance to which this difficulty 
applied, it might be viewed as an unexplained exception, or 
as a mixture of two oxides ; or recourse might be had to a 
more minute subdivision to form the units or equivalents of 
other substances ; but numerous other substances fall under 
a similar category ; and in organic combinations, to preserve 
the atomic nomenclature we must apply a separate multiplier 
or divisor to far the greater number of the elementary con- 
stituents, i. o. we must divide that which is, ae hypotkesi, indi- 
riaible. 

Thus, to take a more complex snbstance than any furmed 
by the combination of uou and oxygen, let us select the sub- 
Btance albumen, composed of carbon, hydrogen, nitrogen. 
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oxygen, plio'spbonj'., aniJ sulphur. In tliis case wo must ei- 
ther divide the atoms of phosphorus anJ sulphur so ^s to re- 
duce Ihem to small fractions, or multiply Ihe atoma of the 
other suhatancea hy extravagant numbers ; thus to preserve 
the unit of one of the constituents of this substance, cEemiftls 
say it ia composed of 400 atoms of caihon, 310 of hydrogen, 
120 of oxygen, 50 of nitrogen, 2 of aulphur, and 1 of phos- 
phorus. ThJa is a somewhat extreme case, but aimilar dilS- 
coltjes will be found in different degrees to prevail among or- 
ganic compounds ; in very many no constituent can he taken 
as a unit to ■which simple multiples of any of the others will 
give their relative proportions. By the mode of notation 
adopted, if any conceivable substance be selected, it could, 
whatever be the proporliona of its constituents, be termed 
atomic. A solution of an ounce of sugar in a pound of wa- 
ter, in ft poEud and a half, in a pound and a quarter, in a 
pound and a tenth, might be expressed in an atomic form, if 
we select arbitrarily a nmltiplier or divisor. 

It is tree that in the case of solution, different proportions 
can be united up to the point of saturation without any dif- 
ference in the character of tiie compound, though the same 
may be predicated to some extent of an acid and an alkali ; 
but even where the steps are sudden, and eoiopounds only 
exist wilh definite proportions, they cannot, in a multitude of 
cases, be reconciled with the true idea of an atomic combina- 
tion, i. e. one to one, one to two, &c. 

Although, therefore, nature presents us with facta which 
show that there is some restrictive law of combination which 
in numerous cases limits the ratios in which substances will 
combine, nay, further, ahows many instances of a proportion 
between ttie combining weights of one compound and fhoae 
of another ; although she shows also a remarkable simplicity 
in the combining volumes of nimierous gases, she also gives 
numerous cases to whicli. tlie doctrine of atomic combinations 
cannot fairly be applied. 
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That there must he something in the coastitutdon of mat- 
(er, or in the forces which act on it, to acconnt for the per 
solium, maimer in which chemical comhinations take place, ia 
inevitable ; Imt the idea of atoms does not seem satisfactorily 
to account for it. 

By sele tmg a separate multiplier or divisor, chemista 
may d note every combination in terms derived from the 
al mi th y but they have passed from the original law, 
h h ont mplated only definite moltiples, and the very hy- 
p t p sions of atoms, which the apparently simple 

laf ons f ombining weights first led them to adopt, they 
are obliged to vary and to contradict in terms, by dividing 
that which their hypothesis and the expression of it assumed 
to be indivisible- 
While, therefore, I fully recognise a great nattiral truth 
in the definite ratios presented by a vast number of chemical 
combinations, and in the jjer saltum steps in which nearly all 
take place, I cannot accept as an argument in favour of an 
atomic theory, those combinations which ore made to support 
it by the application of an arbitrary notation. 

A similar straining of theory seems gradually obtaining 
in regard to the doctrine of compound radicals. The discov- 
ery of cyanogen by Gay-Lussac was probably the first in- 
ducement to the doctrine of compound radicals ; a doctrine 
which is now generally, perhaps too generally, received in 
organic chemistry. As, in the case of cyanogen, a body ob- 
viously compound discharged in almost all its reactions tie 
functions of an element, so in many other cases it was found 
that compound bodies in which a great number of elements 
existed, might be regai'ded as binary combinations, by con- 
sidering certain groups of tbese elements as a compound rad- 
ical ; that is, as a simple body when treated of in relation to 
the other complex snbalauces of which it forms part, and 
only as non-elementary when referred to its int-emal const!- 
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Uniloubtedly, by approximating in thcoiy tl c reactions of 
iaorgajiic and of organic chemiatry, by keejiing the mind 
witliiQ the limita of a beaten path, instead of allowing it to 
wander through a maze of isoUted facts, the doctrine of com- 
pound radicals has been of Bervice ; but, on the other hand, 
the indefinite variety of changes which laay be rung upon the 
composition of an organic substance, fey different associationa 
of its primary elements, makes the binary coBstituents vary 
as the minds of the anthora who treat of tJiem, and mates 
tteir grouping depend entirely upon the strength of the anal- 
ogies presented to each individual mind. From this cause, 
mid from the extreme license which has been taken in theo- 
retic groupiags deduced from this doctrine, a serious qucstioa 
arises whether it may not ultimately, unless carefiilly re- 
stricted, produce confusion rather than simplicity, and bo to 
die student an embarraspment rather than an asaistaneo 
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CATALYSIS, or tlie chemical action induced by tlie 
mere presence of a foreign body, embraces a claaa of 
facta -which must considerably modify many of our notions of 
cliemical action : thna oxygen and hydrogen, when mixed in 
a gaseous state, will remain unaltered for an indeflnit* pe- 
riod ; but the introduction to thom of a slip of clean plati- 
num will cause more or less rapid eonabuiatioa, without being 
in itself in. any respect altered. On the other hand, oxygen- 
ated water, which is a compound of one equivalent of hydro- 
gen plus two of oxygen, will, when under a certain tempera- 
ture, remain perfectly stable ; but touch, it with platinum in 
a state of miniil« division, and it is instantly decomposed, 
one equivalent of oxygen being set free. Here, again, the 
platinum is imaltered, and thus we have synthesis and analy- 
sis effected apparently by the more cotitact of a fbreign body. 
It is not improbable that the increased electrolytic power of 
water by the addition of some acids, such as the sulphuric 
and pbospboric, where the acids themselves are not decom- 
posed, depends upon a catalytic effect of tltc^c adds , but viro 
know too little of the nature and rationale of cafilysis to ex- 
press any confident opinion on its modes of action, and pos- 
sibly we may comprehend very difieront m.olecuIa): action? 
under one and the same name. lu no case does cit<dyaia 
jaeld us new power or force : it only detenniiie=i or facilitates 
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the action of chemical force, and, therefore, ia no creation oi 
force by contact. 

Tlie force so doveloped by catalysis may lie converted 
iotiO a voltaic form thus : in a single pair of the" gas battery 
above alluded to, one portion of a strip of platinum is im- 
mersed in a tube of oxygen, liie other in one of hydrogen, 
both tbe gasea and the extremities of the platinum being con-t 
nected by water or oflier electrolyte ; a voltaic combiaatioa 
ia thus formed, and electricity, heat, light, magnetism, and 
motion, produced at tJie will of the experimenter. 

In this combination we liave a atriMng instance of cor- 
relative expansions and contractions, analogous, though in a 
much more refiaed form, to the expansions and contractions 
by htat and cold detailed in the early part of thia essay, and 
Jlustiated by the alternations of two bladdera partially filled 
witii an thus, as by the effect of chemical combination in 
each pan of tubes of the gas batl«ry tlie gases oxygen and 
hydrogen lose their gaseous character and shrink into water, 
so at the platinum terminals of the batterj-, when immersed 
in water, water is decomposed, and expands into oxygen and 
hydrogen gasea. The correlate of the force which changes 
gas into liquid at one point of space, diflngea liquid into gas 
at another, and the exact volume which disappears in the 
one place reappears in the other ; so that it would appear to 
an inexperienced eye as though the gases passed tlirough 
solid wires. 

Gravitation, inertia, and aggregation, were but cursorily 
alluded to in my original lectures ; their relation to the other 
modes of force seemed to be less definitely traceable ; but the 
phenomenal effects of gravitation and inertia, being motion 
and resistance to motion, in considering motion I have in 
some degree included their relations to the other forces. 

To my mind gravitation would only produce other force 
when the motion caused by it ceases. Thus, if we suppose 
a meteor to be a mass rotating in au orbit round the eartli, 
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and with no resisting medium, then, as long as that rotation 
continues, iho motion of the meteoric mass itself ■would be 
the exponent of the force impelling it ; if there be a resist- 
ing medium, part of this motion would be arrested and taken 
up by the medium, either as motion, heat, electricity, or some 
other mode of force ; if the meteor approach the earth sufB.- 
ciontly to fall upon it, tlic perceptible motion of the mcteOT 
ia stopped, but ia taken up by the earth which vibratei. 
thi'ough its mass ; part also reappears as heat in both earth 
and meteor, and part in the change in the earth's position 
consequent on its increase of gravity, and so on. Gravita- 
tion is but the subjective idea, and its relation to other modes 
of force seems to me to be identical with that of pressure or 
motion. Thus, when arrested motion produces heat, it mat- 
ters not whether the motion has been produced by a falling 
body, i. e. by gravita,tion, or a body projected by an explo- 
sive compound, &c, ; the heat will be ibe same, provided tJie 
mass and velocity at the time of arrest be the same. In no 
other sense can I conceive a relation between gravitation and 
the other forces, and, with aU diffidence, I cannot agree with 
those who seek a more mysterious link. 

Mosotti Las mathematically treated of the identity of 
gravitatioa with cohesive attraction, and Pliicker has recently 
succeeded in showing that crystalline bodies are definitely af- 
fected by magnetism, and take a position ia relation to the 
lines of magnetic force dependent xipoa their optical axis or 
axis of symmetry. 

What is termed the optie axis is a fixed direction through 
crystaJs, in which they do not doubly refract light, and which 
direction, in those crystals which have one axis of figure, or 
a line around which the figure is symmetrical, is parallel to 
the axis of symmetry. When submitted to magnetic infiu- 
ence such crystals take up a position, so that their optic asis 
points diamagnetically or transversely to the lines of magnetic 
force ; and when, as is the case in some crystals, there is 
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mfro thaa one optic axis, the resultant of these axes poiats 
dnmagnotically. Tho mineral eyanit* ia influenced by mag- 
netism TO so marked a manner that ■when suspended it will 
aiiange itself deflnitely with reference to the direction of ter- 
restnal magnetism, and may, according to PiQekcr, be nscd 
as a compass-needle. 

There ia soareely any donbt that the force which is con- 
cerned in aggregation is the same which g^ves to matter ite 
crystalline form ; indQed, a yaat number of inorganic bodies, 
if not all, which appear amorphous are, when cloaely exam- 
ined, found to be crystalline in their structure : w^e tlms get a 
reciprodty of action between the force which nnites the mole- 
cules of matter and tho magnetic force, and through the me- 
dium of the latter the correlation of the attraction of aggre- 
gation with the other modes of force may be established. 

I believe that the same principles and mode of reasoning 
as have been adopted in this essay might be applied to tho 
organic as well as the inorganic world ; and that muscular 
force, animal and vegetable heat, &c., might, and at some 
time will, be shown to have similar definite correlations ; but 1 
have purposely avoided this subject, as pertaining to a depart- 
ment of science to which I have not devoted my attention. 
I ought, however, while alluding to this subject, shortly Ifl 
mention some experiments of Professor Matteucci, communi- 
cated to the Eoyal Society in tho year 1850, by, which it ap- 
pears (hat whatever mode of force it be which is propagated 
along the nervotis filaments, this mode of force is definitely 
affected by currents of electricity. His experiments show- 
that when a current of positive electricity traverses a portion 
of the muscle of a living animal in the same direction as that 
in which tho nerves ramify — i, e, a direction from the brain 
to the extremities — a muscular contraction is produced in the 
limb experimented on, showing that the nerve of motion is 
affected ; while, if the current, as it ia termed, be made to 
traverse the muscle in the reverse direction, or towards tho 



Hosted .vGoogle 



OTHEK MODES OF FOECE. 173 

nervous centres, the animal ntters cries, and eshihita all the 
iniiicatioiiB of suiFering paia, scarcely any muscular move 
ment being produced ; showing that in this case the netvea 
of sensation are affected by the electric current, and iherefore 
that some definite polar condition exists, or is induced, in the 
nerves, to which electricity is correlated, and that probably 
this polar condition constitutes nervous agency. There are 
other analogies given in the papers of M. Matteucei, and do- 
rived from the action of the electrical organs of fishes, which 
tend to corroborate and develope the same view. 

By an application of the doctrine of the Correlation of 
Forces, Dr. Carpenter has shown how a difSeidty arising 
from the ordinary notions of the developement of an organised 
being from its germ-eoll may be lessened. It has been 
thought by many physiologista that the nisus formativus, or 
organising force of an animal or vegetable structure, lies dor- 
mant in the primordial germ-ceU. ' So tliat the organising 
force req^uired to bnild up an oak or a palm, an elephant or a 
whale, is concentrated in a minute particle only discernible 
by microscopic aid.' 

Certain otJier views of nearly equal difficulty have been 
propounded. Dr. Carpenter suggests the probability of ex- 
traneous forces, as heat, light, and chemical affinity, contm- 
uously operating upon the material germ ; so that all that is 
required in this is a atraeture capable of rocoiving, directing, 
and converting these forces into those which tend to tie assim- 
ilation of oxtraneous matter and the definite developement of 
flie particular structure. In proof of this position he shows 
how dependent the process of germ developement is upon the 
presence and agency of external forces, particularly heat and 
light, and how it ia regulated by tiie measure of those forces 
supplied to it. 

It certainly is far less difficult so to conceive the supply 
of forte yielded to organised beings in their gradual process 
of growth, than to suppose a store of dormant or latent force 
pent up ia a microscopic monad. 
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As by the artificial strucfiire of a voltaic battery, chemi- 
cal actions may be made to cooperate in a dcflnito directioa, 
so, by the organism of a vegetable or animal, the mode o£ 
motion ■which constitutes beat, light, &c., may, without extras 
vagance, be conceived to bo appropriated and changed into 
the forces which induce the absorption, and assimilation of 
nutriracnt, and into nervous agency and musculai' power, 
IndicalioDa of similar thonghts may be detected in tbe writings 
of Liebig. 

Some difficuHy in studying the correlations of vital with 
inorganic pbysical foreea arises from the effeets of sensation 
and consciousness, presenting a similar confusion to that 
aUuded fo, when, in treating of heat, I ventured to suggest, 
ttat observers are too apt to confound the sensations with the 
phenomena. Thus, to apply some of the considerations on 
force, given in the introductory portion of this essay, to cases 
where vitality or consciousness intervenes. When a weight 
is raised by the band, there should, according to the doctrine 
of non-creation of force, have been somewhere an expenditure 
ei^uivalont to the amount of gravitation overcome in raising 
the weight. That there is expenditure we can prove, tliough 
in the present state of science we cannot measure it. Thus, 
prolong the effort, raise weights for an hour or two, the vital 
powers sink, food, i. e. fresh chemical force, is required to 
supply the exhaustion. If this supply is withheld and the 
exertion is continued, we see (he consumption of force in 
the supervening weakness and emaciation of the body. 

The consciousness of effort, which has formed a topic of 
argument by some writers when treating of force, and is by 
them believed to he that which has originated the idea of 
force, may by the physical student be regarded as feeling is 
in the phenomena of heat and cold, viz. a sensation of the 
struggle of opposing molecular motions in overcoming the 
rewstance of the masses to be moved. When we say we feel 
hot, we feel cold, we feel that we are exerting ourselves, our 
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cspreKsioug aje intelligible to Leiags wEo are (.apablo oi e^.- 
periencing similar sensations ; but the physical changes 
accompanying these sensations are not thereby esplamed. 
Without pretending to know what probably y, e shall never 
knowj the actual modus agendi of the brain, nervei, muscles, 
&c., we may study vital as we do morganiu phenomena, both by 
observation and experiment. Thus, Sir Eenjaroin Brodie has 
examined the effect of respiration on animal heat by inducing 
artificial respiration aft«r the spinal cord has been severed; 
in which case he ftnda tiio animal heat decUnea, notwith- 
standing the continuance of the chemical action of respiration, 
carbonic awd being formed as nsaal ; but he also finds that 
under such circumstances the struggles or muscular actions 
of the animal are very great, and saffieient probably to ac- 
count for the force eliminated by the chemical action in 
digestion, and respiration ; and Lieb^, by measuring the 
Binoimt of chemical action in digestion and respiration, and 
comparing it with the labour performed, has to some extent 
established tlieir equivalent relations. 

Mr. Helniholta has found that the chemical changes which 
take place in muscles are greater when these are made to 
undergo contractions than when they are in repose ; and tliat, 
aa would be expected, the consumption of the matter of the 
muscles, or, in other terms, the waste or excremenfitioua 
matter thrown off, is greater in the former than in the latter 
case. 

M. Matteucci has ascertained tJiat the mnsclcs of recentiy 
killed frogs absorb oxygen and exhale carbonic acid, and that 
when they are thrown into a state of contraction, and still 
more when they perform mechanical work, the absorption is 
increased ; and he even calculates the equivalents of work so 
performed. 

M. Beclard finds that the quantity of heat produced by 
voluntary muscular contraction in man is greater when that 
contraction is wliat he terms static, that is, when it produces 
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no external work, but is effort alone, than wten that effort 
and contraction are employed dynamically, so as to raise a 
weight or produce mechanical work. 

Thus, though we may see no present promise of being 
able to resolve sensations into their ultiraate elements, or tji 
trace, physically, the link which unites volition with exertioo 
or effort, in terms of oar own con3ciousn.es 3 of it, we may 
hope to approximate the solufiou of these deeply interesting 



In the same individual the chemical and physical state of 
the seore(ioii8 in the w^arm may be compared with tliosc in 
the cold parts of the body. The changes in digestion and 
respiration, when the body is in a state of rest, may be com- 
pared with those which obtain when it is in a state of activity. 
The relations with external matter, maintaining, by the con- 
stant play of natural forces, the vital nucleus, or the organi- 
sation by means of which matter and force reoeiye, for a 
definite period, a definite incorporation and direction, may he 
ascertained, while the more minute structnral changes are 
revealed to ns by the ever-improving powers of the micro- 
ecope ; and thus step by step we may learn that which it is 
^ven to ns to learn, boundless in its range and infinite in its 
progress, and therefore never giving a response to the ultimate 
—Why? 

As the first glimpse of a new star is caught bj the eye of 
the astronomer while directing his vision to a different point 
of spa«e, and disappears when steadfastly gazed at, only to 
have its position and figure ultimately ascertained by the em- 
ployment of more penetrative powers, so the fiist scintillations 
of new natural phenomena frequently present themselves to 
the eye of the observer, dimly seen when viewed askance, 
and disappearing if directly looked for. When new poweis 
of thongM and experiment have developed and coiretted the 
first notions, and given a character to the new image, pioba- 
bly very different from the first impression, fiesh objects are 
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again glanced at in the toargia of the new field of vision, 
whicli in theix turn have to be verified, and again lead to 
new extensions ; thus the effort to estaMsh one observation 
leads to the inaperfect perception of new and wider fields of 
research ; and, instead of approaching finality, the more 
we discover, the more infinite appears the range of the undis- 
covered I 
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IX.— OOWOLTJDIKG- REMAEKS. 

I HAVE now gone through tho affections of matter for 
which distinct uamea have been given in onr received 
Donienciature : tliat other forces may he detected, differing aa 
much from them aa they differ from each other, is highly 
probable, and that when discovered, and thoir modes of 
action fully traced oat, they will he found to he related inter 
se, and to these forces as these are to each other, I behevo 
to be as far certain as certainty can be predicted of any future 

It may in many cases bo a difleult question to determine 
what constitutes a distinct affection of matter or mode of 
force. It is highly probable that different lines of deraarca 
tion would have been drawn between the forces already 
known, had they been discovered in a different manner, or 
first observed at different points of the chain which connects 
them. Thus, radiant heat and light are mainly disfJnguisTied 
by the manner in which they affect onr senses : were they 
viewed according to lie way in which they affect inorganic 
matter, very different notions would possibly be entertained 
of their character and relation. Electricity, again, was 
named from the siibstance in which, and magnetism from the 
district where, it first happened to be observed, and a chain 
of intermediate phenomena have so connected electricity with 
galvanism tliat they are now regarded as the same force. 
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differing only in the degree of ita intensity and quantity, 
though for a long time tLey were regarded aa distinct. 

The phenomenon of attraction and repulsion by amber, 
whicb originated the term electricity, is as unlike that of tha 
decomposition of water by tlie voltaic pile, as any two natural 
phenomena can well , he. It is only because the historical 
sequence of scientific diseoycries has associated them by a 
number of int«rmediato links, that they are classed under t!io 
Bame category. What is called voltaic electricity might 
equally, perhaps more appropriately, be called voltaic chemis- 
try. I mention these facts to show that the distinction in the 
name may frequently be mueli greater than the distinctioa of 
the subject which it represents, and vice versfi, not as at all 
objecting to the received nomenclature on these points ; nor 
do I say it wonld be advisable to depart from it : were we tfl 
do so, inevitable confusion would result, and objections 
equally forcible might be found to apply to our new termi- 
nology. 

"Words, when established to a certain point, become a 
part of the social mind; ite powers and very existence de- 
pend upon the adoption of conventional symbols ; and were 
these suddenly departed from, or varied, according to indivi- 
dual apprehensions, the acquisition and transmission of knowl- 
edge would cease. Undoubtedly, neology is more permissi- 
ble in physical science than in any other branch of knowledge, 
because it is more progressive ; new facts or new relations 
require new names, but even here it should be used with great 
caution. 

Si forte necesso est 
Indiciis moaatrare recentibns abdita rerum, 
ringere cinotutis non esaudita Oethegis, 
Oontinget; dabitarqne lioentia, sunipta pndenter. 

Even should the mind ever be led to dismiss the idea of 
(aiions forces, and regard them as the exertion of one force, 
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or resolve tliem definitely into motion ; still we coiild never 
avoid tlie use of different conventional terms for the different 
modes of action of tliis one pervadiag force. 

Reviewing the series of relations between tlie various 
forces which we have heen considering, it would appear that 
in many cases where one of these is excited or exists, all the 
others are also set in action ; thus, when a substance, such aa 
sulphoret of antimony, is electrified, at the instant of electrl- 
sation it becomes magnetic ia directions at right angles to the 
lines of electric force ; at the same time it becomes heated to 
an extent greater or leas according to the intensity of the 
electric force. If this intensity be exalted to a certain point 
the sulphnret becomes luminous, or UgM is prodnced : it ex- 
pands, consequently motion is produced ; and it is decomposed, 
therefore chemical action is produced. If we take another 
substance, say a metal, all these forces except the last are 
developed; and although we can scarcely apply the t«rm 
mechanical action to a substance hitherto undecomposed, and 
which, under tte cireumstances we are considering, enters 
into no new combination, yet it undergoes that species of 
polarisation which, as far as we can judge, is the first Bl«p 
towards chemical action, and which, if the sabstance wore 
decomposable, would resolve it into its elements. Perhaps, 
indeed, some hitherto undiscovered chemical action is pro- 
duced in substances which we regard as undecomposable : 
there are experiments to show that metals which have been 
electrised are permanently changed in their molecular consti- 
tution. Oxygen, we have seen, is changed by the electric 
spark into ozone, and phosphorus into aUotropic phosphorus, 
both which changes were for a long time unknown to those 
familiar with electrical science. 

Thas, with some substances, when one mode of force is 
prodnced all the others are simultaneously developed. "With 
other substancos, probably with all matter, some of the olhei 
forces are developed, whenever one is eicited, and all maybe 
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SO were the matter in a suitable condition for tlieir develope- 
ment, or onr means of detecting them sufficiently delicate. 

This simultaneouB production of several different forces 
seems at first sight to he irreconcileahle with their mutual and 
necessary dependence, and it certainly presents a formidable 
experimental difScidty in the way of establishing their eqniv 
alent relations ; but when examined closely, it ia not in fact 
inconsistent with the views we have been considering, but is 
indeed a strong argument in fevonr of llie theory which re 
gards them as modes of motion. 

Let us select one or two cases in which this form of ob 
jection may be prominently put forward. A voltaic battery 
decomposing water in a voltameter, while the same current 
is employed at the same time to make an eleetro-magnet, 
gives nevertheless in the voltameter an equivalent of gas, or 
decomposes an equivalent of an electrolyte for each equiva- 
lent of chemical decomposilion in the battery cells, and will 
give the same ratios if the electro-magnet be removed. Here, 
at first sight, it would appear that the magnetism was an ex- 
tra force produced, and that tLua more than the equivalent 
power was olDtained from the battery. In answer to this 
objection it may be said, that in the circumstances under 
which this experiment is ordinarily performed, several cells 
of the battery are used, and so tbere is a far greater amount 
of force generated in the cells than is indicated by the effect 
in the voltameter. If, moreover, the magnet be not inter- 
posed, still the magnetic force is equally existent throughout 
the whole cnrrent ; for instance, the wires joining the plates 
will attract iron filings, deflect magnetic needles, &c., and 
produce diamagnetic effects on surrounding matter. By the 
iron core a small portion of the force is, indeed, absorbed 
whiU it ia being made a magnet, but this ceases to he ab- 
sorbed when the magnet is made ; this has been proved by 
the observation of Mr. Latimer Clarke, who has found tliat 
along the wires of the electric telegraph the magnetic needles 
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placed at different stationa remained fixed afler tlie connection 
with the battery was made, aad while the electric current 
acted by induction on surrounding conducting matter, separa- 
ted from the wires by their gutta percha coating, so that a 
sort of Iieyden phial was formed ; but as aoon as this induc- 
tion had produced iis effect between each station, or, so to 
apeak, the phial was charged, the needles SQCcessivoly were 
deflected : it is like the ease of a pulley and weight, which lat- 
ter eshauatfl force while it is being raised ; but when raised, 
the force is free, and may be used for other purposes. 

If a battery of one cell, juat capable of decompoaing water 
and Eo more, be employed, this will ceaae to decompose while 
mating a magnet. Tliere must, in every ease, be prepon- 
derating chemical affinity in the battery cells, either by the 
nature of its elements or by the reduplication of series, to 
effect decomposition in the voltameter ; and if the point is 
just reached at which this is effected, and the power is then 
reduced by any resistance, decomposition ceases : were it 
otherwise, were the decomposition in the Toltamcter the 
exponent of the entire force of the generating cells, and these 
could independenfly produce magnetic force, this latter 
force would be got from nothiag, and perpetual motion be 
obtained. 

To take another and different example : A piece of zinc 
dis'iohedm dilute =mlphuric acidgives somewhat less heat thau 
when the ziw has a wire of platinum attached to it, and is 
di^isolyed by the =!ame quantity of acid. The ailment is 
deduced that, -iS ihere is more electricity in the second than 
m the first case, there should ho less heat; but as, according 
to out received theories, the heat is a product of the electric 
current, and in consequence of the impurity of zinc electi'ici- 
ty is generated in the first ease molecularly, in what is called 
local action, though not thmwn into a general direction, 
there should be more of both heat and electricity in the sec- 
ond than in the first case, as tlie heat and electricity due to 
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Uie voltaic cornbination of zinc and platinum are added to 
that excited on the snrface of tlie zinc, and the zinc should he, 
as in fact it ia, more rapidly diasolved ; so that the extra heat 
and electricity is produced by extra chemical force. Many 
additional cases of a similar description might be suggested. 
But although it is difficult, and perhaps impossible, to resti'ict 
the action of any one force to tte production of one other 
force, and of one only — yet if the whole of one force, say 
ehemieal action, he supposed to he employed in producing its 
full equivalent of anotlier force, say heat, tlien as this heat is 
capable in its tarn of reproducing chemical action, and in the 
limit, a quantity equal or at least only infinitely short of tho 
initial force : if this could at the same time produce indepen- 
dently another force, say magnetism, we could, hy adding 
the magnetism to the total heat, get more than the original 
chemical action, and thus create force or obtain perpetual 
motion. 

The term Correlation, which I selected as the title of my 
Lectures in 1843, strictly interpreted, means a necessary 
mutual or reciprocal dependence of two ideas, inseparable 
BYen in mental conception : thus, the idea of height cannot 
exist without involving tho idea of its correlate, depth; the 
idea of parent cannot exist without iavolviug tlie idea of off- 
spring. It has been scarcely, if at all, used by writers on 
physics, bnt there are a vast variety of physical relations to 
which, if it does not in its strictest original sense apply, 
cannot certainly be so well expressed by any other term. 
There are, for example, many facts, one of which cannot t^o 
place without involving the other ; one arm of a lever can- 
uot be depressed without the other being elevated — the finger 
cannot press the table without tlie table pressing the finger. 
A body cannot be heated without ancither being cooled, or 
iome other force being exhausted in an equivalent ratio to 
the production of heat ; a body cannot be positively elec- 
trified without some other body being negatively electri- 
fied, &e. 
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The probability is, that, if not all, the greater number of 
physical phenomena are correlative, and that, without a 
duality of conception, tlie mind cannot form an idea of them : 
tlius motion cannot be perceived or probably imagined with- 
out paa-allos or relative change of position. The world waa 
believed fixed, nntil by comparison with the celestial bodies, 
it was found to change its place with regard to them : had 
there been no perceptible matter external to the world, we 
should never have discovered its motion. In sailing along a 
river, the stationary vessels and objects on the banks seem 
to move past the observer : if at last he arrives at the convic- 
tion that he is moving, and not these objects, it is by correct- 
ing his senses by reflection derived from a, more extensive 
previous use of them : even then he can only form a notion 
of the motion of the vessel he is in, by its change of position 
with regard to the objects it passes — that is, provided hia 
body partakes of tl:e motion of the vessel, which it only does 
when it« course is perfectly smooth, otherwise the relative 
change of position of the different parts of the body and the 
vessel inform him of its alt«matiiig, though not of its pro- 
gressive movement. So in all physical phenomena, the effects 
produced by motion are all in proportion to the relative mo- 
tion : thus, whether the rubber of an electrical machine be 
stationary, and the cylinder mobile, or tlie rubber mobile and 
the cylinder stationajy, or both mobile in different directions, 
or in the same direction with different degrees of velocity, 
the electrical efiecta are, cceteris paribus, precisely the sarac, 
provided the relative motion is the same, and so, withoiit ex- 
ception, of all other phenomena. The question of whether 
there can be absolute motion, or, indeed, any absolute isolated 
force, is purely the metaphysical question of idealism or real- 
ism — a question for our purpose of little import ; sufficient 
for the purely physical inquirer, the masim ' de non apparenU- 
J«8 ei non emstentibiis eadet^ Est ratio.' 

The sense I have attached to the word correlation, in 
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freatiug of physical phenomena, will, I think, lie evident from 
tlte preyioua parts of thia essay, to bo tliat of a necessary 
reciprocal production : in other words, that any force capable 
of prodncing another may, in its turn, be produced by it — 
nay, more, can be itself resisted by the force it produces, in 
■ proportion to the energy of such production, as action is ever 
accompanied and resisted by reaction : thus, the action of an 
electro-magnetic taaehine is reacted upon by the magneto- 
electricity developed by its action. 

To many, however, of the eases we have been consider- 
ing, the term correlation may be applied in a more strict 
accordance with its original sense : thus, with regard to the 
forces of electricity and magnetism in a dynamic state, we 
cannot electrise a substance without magnetising it — we can- 
not magnetise it witbout electrising it ! — each molecule, the 
instant it is affected by one of these forces, is affected by the 
other ; bat, in transverse directions, the forces are insepara- 
ble and mutually dependent — correlative, but not identical. 

The evolution of one force or mode of force into another 
has induced many to regard all the different natural agencies 
as reducible to unity, and as resulting from one force which 
is the efficient cause of all the others : thus, one author writes 
to prove that electricity is the cause of every change in 
matter ; another, that chemical action is the cause of every- 
thing ; another, thM heat is the universal cause, and so on. 
If, as 1 have stated it, the true expression of the fact is, that 
each mode of force is capable of producing the others, and 
that none of them can be produced but by some other as an 
anterior force, then any view which regards either of them as 
abstractedly the efficient cause of all the i-est, is erroneous ; 
;he view has, I believe, arisen Irom a confusion between the 
abstract or gcneraKsed meaning of the term cause, and its 
concrete or special sense ; the word itself being indiscrimi- 
nately used in both these senses. 

Another confusion of terms has arisen, and has, indeed. 
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much embai'i'assed me in onunciating the propositions pul 
forth, in these pages, on account of tho imperfection of Bcien- 
tific language ; an imperfection in great measure imavoidahle, 
it is true, but not the leas embarrassing. Thus, the words 
light, heat, electricity, and magnetism, are constantly used iu 
two senses — viz. that of the force producing, or the subject- 
ive idea of force or power, and of the effect produced, or the 
objective phenomenon. The word motion, indeed, is only 
applied to tho effect, and not to the force, aad the term chem- 
ical affinity is generally applied to the force, and not to the 
effect ; but the other four terms are, for want of a distinct 
terminology, applied indiacrimiiiately to both. 

I may have occasionally used the same word at one time 
in a subjective, at another in an objective sense ; all I can 
say is, that this cannot be avoided withowt a n olo y wh' h 
I have not the presumption to introduce, or the a ho y o 
enforce. Again, the use of the term forces n p ira 

might be objected to by ^ose who do not attach o il e em 
force the notion of a specific agency, but of ne n e aj 
power associated with matter, of which its var o is ph n m 
ena are but diversely modified effects. 

Whether the imponderable agents, viewed as fo e and 
not as matter, ought to be regarded as distinc fo e o a 
distinct modes of force, is probably not very material, for, as 
far as I am aware , the same result would follow either view ; 
I have therefore used the terms indiscriminately, as either 
happened to be the more expressive for the occasion. 

Throughout this essay I have placed motion in the same 
category as the other affections of matter. The course of 
reasoning adopted in it, however, appears to me to lead inev- 
itably fo the conclusion that these affections of matter are 
themselves modes of molion ; that, as in the case of friction, 
the gross or palpable motion, which is arrested by the con- 
tact of another body, is subdivided into moleoular motions or 
vibrations, which vibrations are heat or electricity, as this 
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case may bo ; 30 tlie other affections arc only matter moved 
or molecularly agitated ia certain definite directions. Wo 
have already considered the hypothesis tiiat tlie passage of 
elecfideily and magnetism causes vibrations in an ether per- 
meating the bodies through wHch the current is transmitted, 
or the application of the same ethereal hypothesis to these 
imponderables which had previously been applied to light ; 
many, in speaking of some of the effects, admit that electri- 
city and 3nagnetism cause or produce by their passage vibra- 
tions in the particles of matter, but regard the vibrations 
produced as an occasional, though not always a necessary, 
efifect of the passage of electricity, or of the increment or 
decrement of magnetism. The view which I have taken is, 
that such vibrations, molecular polarisations, or motions of 
some sort from particle to particle, are themselves electricity 
or magnetism ; or, to express it in the converse, that dynamic 
electricity aod magnetism arc themselves motion, and that 
permanent magnetism, and Frank! inic electricity, are static 
conditions of force bearing a similar relation to naotion which 
tension or gravitation do. 

This theory might well be discussed in greater detail 
than has been used in this work ; but to do this and to anti- 
cipate objections would load into specialities foreign to my 
present object, in the course of this essay my principal aim 
having been rather to show the relation of forces as evinced 
by acknowledged facts, than to enter upon any detailed ex- 
planation of their specific modes of action. 

l*robably man will never know the ultimate structure of 
matter or the minutise of molecular actions ; indeed it ia 
scarcely conceivable that tlic mind can ever attain to this 
knowledge ; the monad irresolvable by a given microscope 
may be resojved by an increase in power. Much harm has 
already been done by attempting hypothetically to dissect 
matter and to discuss the shapes, sizes, and numbers of at- 
oms, and their atmospheres of heat, ether, or electricity. 
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Wheflicr the regarding elcctrieity, liglit, magaetiam, &c., 
as simply motiona of ordinary raatter, be or be not ailmissi- 
ble, certain it is, that all past theories have reeolyed, and all 
existing (lieories do resolve, the actions of these forces into 
motion. Wbcthcr it be that, on account of our familiarity 
with motion, we refer oilier affections to it, as to a language 
■which is most easily construed and most capable of explain- 
ing them ; wtether it be that it is in reality the only mode in 
■wHch our minds, aa contradistinguished frona oar senses, are 
able to coneeive material agencies ; certain it ia, that since 
the period at whict the mystic notiona of spiritual or preter- 
natural powers were applied fo account for pbyaical pbenom- 
ena, all hypotheses framed to explain them have resolved 
them into motion. Take, Sbv example, the theories of light 
to which I have before aUnded : one of these supposes light 
to be a highly rare matter, emitted from — i. e. put in motion 
by — luminous bodies ; a second supposes that tlio matter is 
not emitted from luminous todies, but that it is pat into & 
state of vibration or undulation, i, e, moUon, by them ; and 
thirdly, light may be regarded as an undulation or moUon of 
ordinary matter, and propagated by undulation of air, glass. 
&c., as I have before stated. In all these hypotheses, maitu" 
and motion are the only conceptions Kor, if we accept 
terms derived from our own sensitions, the which Stnsitions 
themselves may be but modes of motion m the nervous iUa 
ments, can we find words to dciLnl c phenomena othci than 
fchoae expressive of matter and motion Wo in vain stiuggle 
to escape from these ideas ; if we evei do so, our menf il 
powers must undergo a change of which at pie^unt we ste 
no prospect. 

If we apply to any other force the mode of icai^nin^ 
which we have applied to heat, we ihdll arrive at the same 
conclusion, and see that a given source of power can, sup- 
posing it to be fully utilised in each case, yield no more by 
eirj)loying it as an exciter of one force than of another. I/e' 
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as take electricity as an example. Suppose a pound of mer- 
cury at 400" be employed to prodace a thermo-electric uur 
rent, and the latter be in its turn employed to produce me- 
chanical force ; if this latter force bo greater thaa tliat which 
the direct effect of beat would produce, then it could by com- 
pression raise flie temperature of the mercury itself, or of a 
siraiiar quantity equally heated, to a higher point than its 
ori^ual temperature, the 400° to 401°, for example, which 
ia obviously impossible ; nor, if wo admit force to be inde- 
Btruetible, can It produce leas than 400°, or eool the second 
body except by some portion of it being converted into 
another form, or mode of force. 

But as the mechanical effect here is produced through the 
medium of electricity, and the mechanical efffect ia definite, 
so the quantity of electricity producing it nanst be definite 
also, for unequal quantities of electricity could only produce 
an equal mechanical effect by a loss or gain of their own 
force into or out of notliing. The same reasoning will apply 
to the other forces, and will lead, it appears to me, necesssi- 
rily and inevitably to the conclusion, that each force is defi- 
nitely and equivalently convertible into any other, and that 
where ospcriment does not ^ve the full equivalent, it is be- 
cause the initial force has been ^dissipated, not lost, by con- 
version into other unrecognised forces. The equivalent is the 
limit never practically reached. 

The great problem which remains to be solved, in regard 
to the correlation of physical forces, is this establishment of 
their equivalents of jiower, or their measurable relation to a 
^ven standard. The progress made in some of the branches 
of this inquiry has been already aoticed. Viewed in their 
Bfatie relations, or in the conditions requisite for producing 
equilibrium or quantitative equahty of force, a remarkable 
relation between chemical affinity and heat le that discovered 
in many simple bodies by Dulong and Petit, and extended to 
Eomponnds by Neumann and Avogadro. Their researches 
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have &Iinwn that tlie specific teats of eertaiu substances 
when nmlfiplied bj their chemical equivalents, give a con- 
stant quantity at product — or, in other -words, that the com- 
bining weights of such substancea are those weights whidi 
require equal accessiona or abstractions of heat, equally to 
raise or lower their temperature. To put the proposition 
more in a^'cordance with the view wo have taken of the na- 
ture of heat : each body has a power of communicating or 
receiving molecular repulsive power, exactly e<jual, weight 
for weight, to its chemical or combining power. For in- 
stance, the equivalent of lead is 104, of zinc 33, or, in round 
numbers, as 3 to 1 : these numbers are therefore inversely 
the exponents of their chemical power, three times as m.iicb 
lead as zinc being required to saturate the same quan- 
tity of an acid or substance combining with it ; but their 
power of conmiunicating or abstracting beat or repulsive 
power Is precisely the same, for three times as much lead as 
zinc is required to produce the same amount of expansion or 
contraction in a given quantity of a third substance, such as 
water. 

Again, a greaf. number of bodies chemically combine in 
equal volumes, i. e. in the ratios of their specific gravities ; 
but the specific gravities represent the attractive powers of 
the substance, or ai^ the numerical exponents of the forces 
tending to produce motion in masses of matter towards each 
other ; while the chemical equivalents are the exponents of 
the afflnities or tendencies of the molecules of dissimilar sub- 
stances to combine, altd saturate each other ; consequently, 
here we have to some extent an equivalent relation between 
these two modes of force — gravitation and chemical attrae 

Were the above relations extended into an imiversal law, 
we should have the same numerical expression for the three 
forces of heat, gravity, and affinity ; and as electricity and 
magnetism are quantitatively related to tliem, we should have 
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II similar expression for these forces : liut at present the bod- 
iea in wlilcli this parity of force has been discovered, though 
in themselves numerous, are small compared with the excep- 
tions, and, therefore, this point can only be indicated aa prom- 
ising a generalisation, should subsequent researches alter our 
knowledge as to tic elements and comhining equivalents of 
matter. 

With regard to what may be called dynamic equivalents, 
i. e. the definite relation to time of the a^5tion of these varied 
forces upon equivalents of matter, the difficulty of establish- 
ing theiQ is stiU greater. If She proposition which I stated 
at the coromeneemcttt of this paper be correct, that motion 
may be subdivided or changed in character, so as to become 
heat, electricity, &c., it ought to follow that when we collect 
the dissipated and changed forces, and reconvert them, the 
initial motion, minus an infinitesimal quantity affecting the 
same amount of matter with the same velocity, should be re- 
produced, and so of tho changes in matter produced by the 
other forces ; but the difficulties of proving the truth of this 
by experiment will, in many cases, he all but insuperable ; 
we cannot imprison motion as we can matter, though we may 
to some extent restrain its direction. 

The term perpetual motion, which I have not unfrequenl> 
ly employed in these pages, is itself eqmvocal. If the doe- 
ti'ines here advanced be founded, alt motion is, in one sense, 
perpetual. In masses whose motion is stopped by mutual 
concussion, heat or motion of the particles is generated ; and 
thus tho motion continues, so thatif we coiild venture to extend 
such thoughts to the xmiverse, we should assume the same 
amount of motion affecting the same amount of matter for ever. 
Whoro force opposes force, as in cases of static equilibrium, 
tho balance of pre-existing equilibrium is affected, and fresh 
motion is started equivalent to that which is withdrawn into 
a state of abeyance. 

But tlie term perpetual motion is applied, in ordinary par- 
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larice (and in such sense I have used it), to a perpetual recm- 
rent motion, e.g. a weight which hy its fall would turn a 
wheel, which wheel would, in its torn, raise the initial weight, 
and 80 on forever, or until the material of which the machine 
is made be wora out. It is strange that to common appre- 
hension the impossibility of this is not self-evident ; if the in- 
itial weight is to he raised by the force it has itself generated, 
it must necessarily generate a force greater than that of its 
own weight or centripetal attraction ; in other words, it must 
be capable of raising a weight heavier than itself: so that, 
setting aside the resistance of Mction, &e., a weight, to pro- 
duce perpetual recurrent motion, must be heavier than an 
equal weight of matter, in short, heavier than itself. 

Suppose two equal weights at each end of an oqui-armed 
lever, there is no motion ; cut off a fraction of one of them, 
and it rises wbUc the other falls. How, now, is the lesser 
weight to bring hack the greater without any extraneous ap- 
plication of force? If 13 is obviouf it cannot do so in this 
eiuiple form of expei iraent it is a forhon moie impo sible if 
machinery be added for mcroaael resistances hwe then to 
be overcome. Can we again mend tl is by emplojmg iny 
other force? Suppose we employ electricity Ihe initiil 
weight in descending turns a cyhndei agamst a cusluon and 
so generates electricity ; to make this force recurrent, the 
electricity so generated must, in its turn, raise the initial 
weight, or one heavier than it, I. e. the initial weight mu-ft, 
through the medium of electricity, raise awelght heavier than 
itself. The same problem, applied to any other forces, will 
involve the same absurdity ; and yet simple as the matter 
seems, the world is hardly yet disabused of an idea little re- 
moved from superstition. 

But the importance of the deductions to be derived from 
the negation of perpetual motion seems scarcely to have im- 
pressed philosophers, and we only find here and there a scat^ 
tered hint of the consequences necessarily resulting from that 
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which to the tliiuMng mind ia a coaviction. Some of these 
I have ventured to put forward in the present essay, but 
many remain, and will crowd upon the mind of fliose who 
pursue the subject. Does not, for instance, the impossibility 
of perpetual motion, when thought out, involve the demon- 
stration of the impoasibility, to which I have previously allud- 
ed, of any event identically recurring? 

The pendulum in vacuo, at each beat leaves a portion of 
the force which started it in the form of heat at ita point of 
suspension : this force, though ever existent, can never be re- 
stored in ita integrity to the baE of the pendulum, for in the 
process of restoration it must affect other matter, and alter 
the condilion of the universe. To restore the initial force to ita 
integrity, everything as it existed at the moment of the flrat 
boat of the pendulum must be restored in ita integrity : but 
how can this be — for while the force was escaping from the 
pendulum by radiating heat from tlie point of suspension, 
surrounding matter has not stood still; the veiy attraction 
which caused the beat of tlie pendulum has changed in degree, 
for the pendulum ia nearer to or further from the sun, or 
from some planet or fixed star. 

It might be an interesting and not profitless speculation 
to follow out these and other consequences ; it would, I be- 
lieve, lead us to the conviction that the universe is ever 
changing, and that notwithstanding secular recurrences which 
would primS. facie seem to replace matter in its original posi- 
tion, nothing in fact ever returns or can return to a state of 
existenee identical with a previous atate. But the field is too 
illimitable for me to venture further. 

The inevitable dissipation or throwing off a portion of 
the initial force presents a great experimental difiiculty in the 
way of establishing the equivalents of the various natural 
forces. In the steam-engine, for instance, the heat of the 
fijmace not only expands the water and thereby produces the 
motion of the piston, but it also expands the iron of the boil 
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cr, of the cylinder and all surrolinding bodies. The force ex- 
pended in expanding this iron to a very small cstont is equal 
to that which expands the vapour to a very large eadent ; this 
expansion of the iron ia capable, in its turn, of producing a 
gi'Cat mechanical force, which is practically lost. Could all 
the force bo applied to the vapour, an enormous addition of 
power would bo gained for tjje sanae expenditure : and per- 
haps even with our present means more might be done in 
utiiisiiig the expansion of the iron. 

Another great difficulty iu experimentally ascertaining the 
dynamic equivalents of different forces arises from the effects 
of disruption, or the overcoming an existing force. Thus, 
when a part of the initial force employed is engaged in twist- 
ing or toaring asunder matter previously held together by 
cohesive attraction, or in overcoming gravitation or inertia, 
the same amount of heat or electricity would not be evolved 
as if such obstacle were non-existent, and the initial force 
were wholly employed in prodncing, not in opposing. There 
is a difaculty apparently extreme in devising experimenta 
in whicTa some portion of the force is not so employed. 

The initial force, however, that has been employed for such 
disruption is not lost, as at the moment of disruption the 
bodies producing it fly off, and carry with them their force. 
Thus, let two weights be attached to a cord placed across a 
bar ; when tlieir force is suffinent to bieal. the cord or the 
bar, the weights fall down and •itiiko the earth, mating it 
vibrato, and so conveying away 01 confmumg the force ex- 
pressed by the cohesion of the bar or cord If, instead of 
breaking a cord, the weights be employed to bend a bar, theii 
gravitating force, instead of mating the earth vibrate, pro- 
ducea heat in the bar, and so with whatever otiier force be 
employed fo produce effects of disruption, torsion, &c., so 
that, though difficult in practice, the numerical problem of 
the equivalent of the force is not tlieoreticaUy irresolvable 

The voltaic battery affords us the best means of ascertain* 
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ing the dynamic equivalents of different forces, aod it is probable 
that by its aid the best theoretical and practical results will be 
ultimately attained. 

In investigating tie relation of Ihe difieientiort«a,I have 
in turn taken each one as the initial toree oi starting-point, 
and endeavonred to show how the force thua arbitrarily se- 
lected could mediately or immediately produce and he merged 
into the others : but it will be obvious to those who have at- 
tentively considered the subject, and brought their minds into 
a general accordance with the views I have submitted to them, 
that no force can, strictly speaking, he initial, as there must 
be some anterior force which produced it ; we cannot create 
force or motion any more than wo can create matter. 

Thus, to take an example previonsly noticed, and recede 
backwards ; the spark of light is produced by electricity, 
electricity by motion, and motion is produced by something 
else, say a steam-engine — that ia, by heat. This heat ia pro- 
duced by chemical affinity, i.e. the affinity of the carbon of 
the coal for the oxygen of (he air : this carbon and this oxy- 
gen have been previously eliminated by actions difUcult to 
trace, but of the pre-existence of which we cannot doubt, 
and in which actions we should find the conjoint and al- 
ternating effects of heat, light, chemical affinity, &c. Thus, 
tracing any force backwards to its antecedents, we are merged 
in an infinity of changing forms of force ; at some point we 
lose it, not because it has been in fact created at any definite 
point, but because it resolves itself into so many contributing 
forces, that the evidence of it ia lost to our senses or powers 
of detection ; just aa in following it forward into the effect it 
produces, it becomes, as I have before sta,tod, so subdivided 
and dissipated as to be equally lost to our means of detection. 

Can we, indeed, suggest a proposition, definitely conceiv- 
able by the mind, of force without antecedent force? I can- 
not, without calling for the interposition of created power, 
Bny more than I can conceive the sudden appearance of a 
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mass of matter come from nowhere, and formed from noth- 
ing. The impossibility, hujnanly speaking, of creating or 
annihilating matter, has long been admitted, though, perhaps, 
its distinct reception in philosophy may be set down to the 
nverthrow of the doctrine of Phlogiston, and the reformation 
of chemistry at the time of Lavoisier. The reasons for the 
admission of a similar doctrine as to force appear to be equally 
strong. With regard to matter, there are many cases in 
which we never practically prove its cessation of existence, 
yet we do not the less helieve in it : who, for instance, can 
trace, so as to rc-weigh, the particles of iron ■worn off 
the tire of a carriifo wheel' who can rc-eomhine the pirti- 
1 t 1 p t 1 a h m lly h d tl luim g 
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as in defimte electrolysis : indeed the evidence we acquire of the 
continued asistence of matter is by the continued exertion of 
the force it exercises, as, when we weigh it, our evidence is 
the force of attraction ; so, again, our evidence of force is 
the matter it acts upon. Thus, matter and force are corre- 
lates, in the strictest sense of the word ; the conception of 
the existence of the one involves the conception of the exis- 
tence of the otiier : the quantity of matter again, and the de- 
gree of force, involve conceptions of space and time. But 
ta follow out these abstract relations would lead me too far 
into the alluring paths of metaphysical speculation. 

That the theoretical portions of this essay are opon to ob- 
jection I am fuBy conscious. I cannot, however, but think 
that the fair way to te,st a theory is to compare it with other 
theories, and to see whether upon the whole the balance of 
probability is in its favour. Were a theory open to no ob- 
jection it would, cease to be a theory, and beet me a law ; 
and were we not to theorise, or to take generalised views of 
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natural jihenoiaeiia until those generalizations were sure and 
uuol»jection.al)!e — in otlier ■words, were laws — science would 
be lost in a complex mass of uncnimected obacrvations, 
wMcli would probably never disentaugle themaelyes. Excess 
on either side is to be avoided ; although we may often err on 
the side of hasty generalisation, we may equally err on the 
side of mere elahorate coUeetion of observations, ■which, 
though sometiniee leading Ui a valuatle result, yet, when cu- 
mulated without a conneeting link, fequently occasion a cost- 
ly waaf« of time, and leave the subject to wliich they refer in 
greater obscurity thaa that in which it was involved at their 
coimnencemcnt. 

Collections of facts differ in importance, as do theories : 
the former, in many inetaaces, derive their value from their 
capability of generalisation ; while, conversely, theories are 
valuable as methods of eo-ordinating given series of facts, 
and more valuable in proportion as they require fewer excep- 
tions and fewer postulates. Facts may sometimes be aa 
well explained by one view as by another, but without a 
theory they are unintelligible and incommunicable. Let us 
use our utmost effort to eommunieate a fact without usmg the 
language of theory, and we fail ; theory is involved in all 
our expressions ; the knowledge of bygone times is imported 
into succeeding times by terms involving theoretic conceptions. 
As the knowledge of any particular science developes itself 
our views of it become more simple ; hypotheses, or the in- 
troduction of supposititious views, arc more and more dis- 
pensed with ; words become applicable more directly to the 
phenomena, and, losing the hypothetic meaning ■which they 
necessarily possessed at their reception, acquire a secondary 
sense, which brings more immediately to our minds the facta 
of ■which they are indices. The scaffolding has served its 
purpose. The hypothesis fad^ away, and a theory, or gen- 
eralised view of phenomena, more independent of supposition, 
but still full of gaps and difficulties, takes its place. Tliis in 
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itstum, should the science continue to progress, either givesptaca 
to a more simple audwidergeacraJisation, or becomes, bythe re- 
moval of objections, established as a law. Even in this move 
advancjad stage, words importing theory must be used, but 
phenomena are now intelligible and coaneeted, though express- 
ed by varied forms of speech. 

To think oa nature is to theorise ; and difficult it is not 
to be led on by the continuities of natural phenomena to the- 
ories which appear forced and unintelligible to those who 
have not pursued the same path of thought : wliicb, more- 
over, if allowed to gain an nnduo influence, seduce us from 
that truth which is the sole object of our pursuit. 

"Where to draw the line — where to say thus far we may 
go, and no farther, In any particular class of analogies or re- 
lations which Nature presents to us ; how far to follow the 
progressive indications of thought, and where to resist its al-' 
lurements — is a question of degree which must depend upon 
the judgment of each individual or of each class of thinkers ; 
yet it is consolatory that thought is seldom expended in vain. 

I have througbout endeavoured to discard the hypotheses 
of subtle or occult entities ; if in this endeavour some of my 
views have been adopted upon insufflclcnt data, I still hope 
that this essay wlU not prove valueless. 

The conviction that tbeso-caUed imponderables are modes 
of motion, will, at all eveflte, lead the observer of natural 
pbenomena to look for changes in tliese affections, wherever 
the intimato structure of matter is changed ; and, conversely, 
to seek for chaagos in matter, either temporary or permanent, 
whenever it is affected by these forces, I believe he will 
seldom do this in vain. It was not until I bad long reflected 
on the subject, that I ventured to publish my views : their 
publieation may induce others to think on their subject-mat- 
ter. Tbey are not put forwavd with the same objects, nor do 
lliey aim at the same elaboration of detail, as memoirs oh 
newly-cliscovered physical fa^ts : they purport to be a method 
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of mentally regarding known facts, some few of which I have 
myself maie known on other occaaions, but tho great masa 
of which have been accnmnlated by the labours of others, 
and are admitted aa established truths. Every one has a right 
to view these facts through any medium he thinks fit to em- 
ploy, but some theory must exist in the minds of those who 
reflect upon the many new phenomena which have recently, 
and more particularly during the present century, been dis- 
covered. It is by a generalised or connected view of past 
acqniaitions in natm-al knowledge that deductions caa best be 
drawn as to the probable character of the results to be antici- 
pated. It is a great assistance in such investigations to bo 
intimately convinced that no physical phenomena can stand 
alone : each is inevitably connected with anterior changes, 
and as inevitably productive of consequential changes, each 
with the other, and all with time and space ; and, either in 
tracing back these antecedents or following up their conse- 
quents, many new phenomena will be discovered, and 
many existing phenomena, hitherto believed distinct, wiU 
be connected and explained ; explanation is, indeed, only re- 
lation to something more familiar, not more known — i.e. 
known as to causative or creative agencies. In all pheno- 
mena the more closely they are investigated the more are we 
convinced that, humanly speaHng, neither matter nor force 
can be created or annihilated, and that an essential cause is 
unattainable. — Causation is the will, Creation the act, of 
God. 
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Herman Ludwiq Fekdinand Helmholtz woa bom at Pottsdaic, August 
SI, 1821. He was flret miiitaiy physickn, and afterwards assistant of tbo 
Astronomical Museum in Berlin (1848), and subaequentlj PirfesBor Estra- 
ordinary of PliyMology attJieUmTeratyof Eemgsberg(1819 to 1852), Ho 
DBoame Professor of Phjaiology at the UniTcrEitj of Bonn in 1865, and in 
18B8 accepted the phjMolt^cal cbair in the UniTemty of Heidelberg. Tho 
lectnre which follows wm delivered at Konigaberg in I85i. He is an emi- 
nent invesUgator, and an able promoter of the leccat philoaopby of forces ; 
but of his life we have fewer particulars than ol hie aocoropliahed translator. 

The anceatora of JonN Tsbdall emigrated from England to the eastern 
or Saxon bociier of Ireland about the middle of the last centurj. He was 
bom at the village of Leighlin Bridge m 1820, where be received hia early 
education and acquired a taste for mathematics. In 18S9 lie left aohool 
and joined the Ordnance Survey as a dvn ssaialant, where be became in 
turn dtauglitaman, computer, surveyor, and trigometrical observer. He waa 
five yeara connected with the survey, and for tiiree years oooupled ea rtul- 
road engineer. In 1847 he ijecame teadier in Queenswood College in Hamp- 
sliirCi a sobool for agriculturists and engineers, where ho was distinguished 
for bia mild but efficient disciphne. Frofcsaor Franldond, tbe ohemiet, was 
here joined with him in the work of instruction, and in 1848 the two friends 
left the institution and went to tbe Univereity of Marburg m Ilease Cassel, 
to study with the eminent chemist, Bunsen. In 18B1 Prol^essor TyndaU 
wrait t* Berlin and worked at the subject of diamagnetism in tbe laboratory 
of Pi'Ofesaor Magnus, He retnmcd to London the same year, and was 
elected Fellow of the E«yaJ Sodety in 1862. 

Through the mfluenee of Dr. Bonoe Jones, General Sabine, and Profe^or 
Faraday, ha was appointed Professor of Katural Philosophy in the Royal 
lus^tution in 18!t3, an appomtment which he now holds. In company with 
lus Wend, Professor Kvuley, he viMtcd the Alps in 1856; Bcdretunung eaeb 
succeeding year, he accumulated the observations and adventures which arc 
ao gcaphiciJly described In his "Gladers of tbe Alps," published in 1860. 
Professor Tyndall haa worked witb eminent success at vaiious scientific 
questions, but he is chiefly distinguished for Ms original and elaborate re- 
searches on tho relations of radiant heat to gaseous and vaporous matter. 
These researches are given in his able work on " Heat as a mode of Motion," 
issued in 18G3. As an experimenter. Professor Tyndall is marked for Lis 
caution, accuracy, and tireless perseverance under difficulties ; as a writer, 
for his clear, vivid, and vigorous style. 
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INTERACTION OF NATURAL FORCES. 



ANEW conquest of veiy general interest has been recently 
made by natural pliilosopliy. In the following pages, I 
will endeavour to give a notion of the nature of this conquest. 
It has reference to a new and universal natural law, which 
rules the action of natural forces in their mutual relations 
towards each other, and is as influential on our theoretic 
views of natviral procesaes as it ia important in their technical 
applications. 

Among the practical arts which owe their progress to the 
development of the natural sciences, from the conclusion of 
the middle ages downwards, practical mechanics, aided by 
the mathematical science which bears the same najne, was 
one of the most prominent. The character of tlie art was, at 
the time referred to, naturally very diiferent from its present 
one. Surprised and stimulated by its own success, It thought 
no problem beyond its power, and immediately attacked some 
of tbe most diflicult and complicated. Thus it was attempted 
to bund automaton figvires wblcb should perform the functions 
of men and animals. The wonder of the last century was 
Vaucanson's duck, which fed and digested its food ; the flute- 
player of the same artist, which moved ail its fingers cor- 
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rectly ; the , writing boy of the older, aEd the piano-forte play- 
er of the younger Droz : which latter, when porforming, fol- 
lowed its hands with hia eyea, and at the conclusion of the 
piece bowed courteously to the audience. That men like 
those mentioned, whose talent might hear comparison with 
Ihe most inventive heads of the present age, should spend so 
much timo in the construction of tliose figures, which wo at 
present regard as Uie merest trifles, would be incomprehensi- 
ble, if they had not hoped in solemn earnest to solve a great 
problem. Tlie writing boy of the elder Droz was publicly 
exhibited in Germany some years ago. Its wliccl-wort is so 
complicated, that no ordinary head would be sufficient to 
decipher its manner of action. When, however, we are in- 
formed that this boy and its constructor, being suspected of the 
black art, lay for a time in the Spanish Inquisition, and with 
difficulty obtained their freedom, we may infer that in those 
days even such a toy appeai'ed great enough to excite doubts 
as to its natural origin. And though these artists may not 
liave hoped to breathe into tlie creatore of their ingenuity a 
soul gifted with naoral completeness, still there were many 
who would be willing to dispense with flie moral qualities of 
flioir servants, if, at the same time, their immoral qualities 
could also be got rid of; and accept, instead of the mutabiJity 
of flesh and bones, services which should combine the regu- 
larity of a machine with the durability of brass and ateel. 
The object, therefore, which the inventive genius of the past 
century placed before it with the fullest earnestness, and not 
as a piece of amusement merely, was boldly chosen, and was 
followed up with an expenditure of sagacity which has contri- 
buted not a Utile to enrich the mechanical experience which a 
later time knew how to take advantage of. We no longer 
seek to build machiaes which shall fulfil the thousand services 
required of one man, but desire, on the contrary, that a ma- 
chine shall perform one service, but shall occupy in doing it 
the plaee of a thousand men. 
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Fi'om these efforts to imitate living ereatiii'cs, anotlior ido;i, 
also hj a jnisunderstandiiig, seems to Iiave developed ilaeli, 
which, as it were, formed the new philosopher's stone of tke 
soventeentli and eighteenth centuries. It was now the endeav- 
eur to constnietaperpetual motion. Under this terim^aa im- 
deratood a machine, which, without being wound up, without 
consuming in the working of it, falling water, wind, or any 
other natural force, sKouId still continue in motion, the motive 
power heing perpetually supplied by the machine itself. Eeaats 
and human beings seemed to correspond to the idea of such an 
apparatus, for they moved themselves energetically and inces- 
santly as long as tiicy lived, were never wound up, and nobody 
set them in niotion. A connection between the taking-ia of 
nourishment and tiie development of force did not make itself 
apparent. The nourishment seemed only necessary to grease, 
as it were, the wheelwork of the animal machine, to replace 
what was used up, and to renew the old. The development 
of force out of itself seemed to be the essential peculiarity, the 
real quintessence of organic life. If, therefore, men were to 
be constructed, a perpetual motion must first he foimd. 

Another hope also seemed to take up incidentally the sec- 
ond place, which, in our wiser age, would certainly have 
claimed the first rank in the thoughts of men. The perpetual 
motion was to produce work inexhaustibly without corre- 
sponding consumption, that is to say, out of nothing. Work, 
however, is money. Hero, therefore, the practical problem 
which the cunning heads of all centuries have followed in the 
most diverse ways, namely, to fabricate money out of nothing, 
invited solution. The similarity with the philosopher's stone 
Bought by the ajicient chemists was complete. That also 
was thought to contain the quintessence of organic life, and to 
be capable of producing gold. 

The spur which drove men to inquiry was sharp, and the 
talent of some of the seekers must not be estimated as small. 
The nature of the problem was quite calculated to entice por- 
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iiig bruJna, to lead tlieui round a cii'cle for years, deceiving 
ever with new expectations, -which vanished upon nearer ap- 
proach, and finally reducing these dupes of hope to open in- 
sanity. The phantom could not be grasped. It would ha 
impossible to give a history of these efforts, as the dearer 
heads, among whomthe elder Droz must be ranked, convinced 
themselves of the futihty of their experiments, and were 
naturally not inclined to speak much about them. Bewildered 
intclloeta, however, proclaimed often enough that they had 
diseovered the grand secret ; and as the ineorreetncss of their 
procecdioga was always speedily manifest, the matter fell into 
bad repute, and the opinion strengthened itaeif more and more 
that the problem was not capable of solution ; one difflcidty 
after another was brought under the dominion of mathemati- 
cal mechanics, and finally a point was reached where it could 
be proved, that, at least by the use of pure mechanical forces, 
no perpetual motion could be generated. 

We have here arrived at the idea of the driving force or 
power of a machine, and shaU have much t« do with it in 
future. I must, therefore, give an explanation of it. The 
idea of work is evidently transferred to macHnos by compar- 
ing their arrangements with those of men and animals to 
replace which they were applied. We sfill reckon the work 
of steam engines according to horse-power. The value of 
manual labor is determined partly by the force which is ex- 
pended in it (a strong laborer is valued naore highly than a 
weak one), partly however, by the skill which is brought into 
action. A machine, on the contrary, which executes work 
skil&lly, can always be multiplied to any extent ; hence ita 
skill has not the high value of human skiH in domains where 
the latter cannot be supphed by machines. Thus the idea of 
the quantity of work in the case of maehinea has been limited 
to the consideration of the expenditure of force ; this was the 
more important, as indeed most machines are constmcted for 
the pypress purpose of exceeding, by the magnitude of their 
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effects, the powers of men and aaimals. Hence, in a mcchaiu- 
caJ sense, the idea of work is become identieRl with that of 
the cxpcndittire of force, and in tliis way I will apply it. 

How, then, can we measure this expenditure, and compare 
it in the case of different machines ? 

I must here conduct you a portion of the way — as short a 
■portion as possible— over the uninviting field of mathematico- 
meclianical ideas, in order to bring you to a point of view &om 
which a more rewarding prospect will open. And though the 
example which I shall here choose, namely, that of a watcr- 
mUl with iron, hammer, appears to he tolerably romantic. Still, 
olaS) I must leave the dark forest valley, the spark-emitting 
anvil, and the black Cyclops wholly out of sight, and beg a 
moment's attention to the loss poetic side of the question, 
namely, the machinery. This is driven by a water-wheel which 
in its turn is set in motion by the falling water. The axle of the 
water-wheel has at certain places small projections, thambs, 
which, during the rotation, lift the heavy hammer and permit 
it to Ml again. The faUing hammer belabors the mass of 
metal, which is introduced beneath it. The work tlierefore 
done by the macliine consista, in this case, in the lifting of the 
hammer, to do which the gravity of the latter must be over- 
come. The expenditure of force wUl, in the first place, other 
circumstances being equal, be proportioned to the weight of 
the hammer ; it vrill, for example, bo double when the weight 
of the hammer is doubled. But the action of the hammer 
depends not upon its weight alone, but also upon the height 
from which it falls. If it falls through two feet, it will pro- 
duce a greater effect than if it falls through only one foot. It 
is, however, clear that if die machine, with a certain expendi 
ture of force, lifts the hammer a foot in height, the same 
aniDunt of force must be expended to raise it a second foot in 
height. The work is therefore not only doubled when the 
weight of the hanmier is increased twofold, but also when the 
space tlirough which it falls is doubled. From tlus it is easj 
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to see that tke ■work must be measured by the product of Iha 
weight into the space through ■which it ascends. And in this 
way, indeed, do we measure in niechanica. 

Tlie unit of work is a foot-pound, that is, a pound weight 
raised to tlie height of one foot. 

"Wliile the work in this case consists in (he raising of tLe 
lieavy hammer-head, the driving force which sets the latter in 
motion, is generated by falling water. It is not necessary 
that the water should fall vertically, it can also flow in a 
moderately inclined bed ; but it must always, where it Las 
water-mills to set io motion, move from a higher to a low^er 
position. Experiment and theory coincide in teaching, (hat 
when a hammer of a hundred weight is to be raised one foot, 
to accomplish this at least a hundred weiglit of water must 
fall through the space of one foot ; or what is equivalent to 
this, two hundred weight must fall fullhalf afoot, or four hun- 
dred weight a quarter of a foot, cte. In short, if we multiply 
the weight of the falling water by the height through which it 
falls, and regard, as bdbre, the product as the measure of the 
work, then the work performed by the machine in raising the 
hammer, can, in the most favourable case, be only equal to the 
number of foot-pounds of water which hayc fallen in the same 
time. In practice, indeed, this ratio is by no means attained ; 
af great portion of the work of the falling water escapes unused, 
inasmuch as part of the force is willingly sacrificed for the 
sake of obtaining greater speed. 

I win further remark, that this relation remains unchanged 
whether the hammer is driven bnmediately by the axle of the 
wheel, or whether — by tie intervention of wheel-work, end- 
less screws, pulleys, ropes — the motion is transferred to the 
hammer. We may, indeed, hy such arrangements, succeed 
in raising a hammer often hundred weight, when by the flj'St 
simple arrangement, the elevation of a hammer of one hundred 
weight might alone be possible ; but either 'his heavier ham- 
mer is raised to only one tenth of the height, or tenfold flio 
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liine is required to raise it to the sasDC height ; so tiiat, how- 
ever we may alter, by the interpositjon of macliiiicry, the in- 
tensity of the aofiDg force, still itt a cerUun time, during which 
the mill-atream fnmislieB us with a definite quaniity of water, 
a certain definite quantity of work, and no more, can be per- 
formed. 

Our machinery, therefore, has, in the first place, done 
Dothing more than make use of the gravity of the falling wa- 
ter ia order to overpower the gravity of the hammer, and to 
raise llie latter. "Wlien it has lifted the hammer to the neces- 
sary height, it again liberates it, and the hammer falls upon 
the metal mass which is pushed beneath it. But why does 
the falling hammer here exercise a greater force than when it 
is permitted simply to press with its own weight OH the mass 
of metal ? Why is ita power greater as the height from which 
it falls 13 increased? We find, in feet, that the work per- 
formed by the hammer is detenuiiied by its velocity. In 
other CEises, also, the velocity of moving masses is a means of 
producing great effects. I only remind you of the destmctive 
effects of musket-buUefa, which, in a state of rest, are the most 
harmless things ia the world. I remind you of the wind-mill, 
which derives its force from the moving Mr. It may appear 
surprising that motion, which we are accnatomed to regard as 
a non-essenlial and transitory endowment of bodies, can pro- 
duce such great effects. But the fact is, that motion appears 
to US, under ordinary circumstances, transitory, because the 
movement of all terrestrial bodies is resisted perpetually by 
other forces, Mction, resistance of the air, etc., so that motion 
is incessantly weakened and finally neutralized. A body, 
however, which is opposed by no resisting force, when once 
Bel in motion, moves onward eternally with undiminished 
velocity. Thtis we know that the planetary bodies have 
moved without change, through space, for thousands of years. 
Only by resisting forces can motion be dimioiahed or destroyed, 
A. moving body, such as the hammer or the musket-ball, when 
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it strikes againat another, presses the latter together, or pcne* 
ti'ates it, until the sum of the resisting forces whiili the body 
struck presents to its pressure, or to the sepaiation of its par- 
tides, is sufficiently great to destroy flie motion of the ham- 
mer or of the bullet. The motion of a ma^s resardeii as 
taking the pWe of working force is called the hving force (i*3 
viva) of the naaas. The word " living" has of course here 
no reference whatever to living beings, but is intended to rep- 
resent solely the force of the motion as distinguished from the 
state of unchmged rest — from the gravity of a motionless 
body, for example, ■which prod ills an intessiiat pressure 
against the surface i\hi(,h Bupporta it, hut does not produce 
any motion 

In Ihe use befoie us, theiciore, we had first poner in the 
form of a (illm^ mass of wkter, then m the form of a lifted 
hammer, and tlmdl^, in the form of the living foi ce of the 
fiillen hammtr We should tiansfoira the ttird form, into the 
second, if we, for example, permitted the hammer to fdU upon 
a highly cla'ftic steel heain strons; enough to resi=t the shock. 
The hammer would rebound, and m the most favourable case 
would icaeh a height equal to that from which it fell, but 
would never rise higher. In this way its mass would ascend : 
and at the moment when its b'ghest point has been attained, 
it would represent the same number of raised foot-pounds as 
before it fell, never a greater number ; tliat Is to say, living 
force can generate the same amount of work as that ex- 
pended in its production; It is therefore equivalent to this 
quaniity of work. 

Our clocks are driven by means of sinking weights, and 
our watches by means of the tension of springs. A weight 
which lies on the ground, an elastic spring which is without 
tension, can produce no effects ; to obtain such we must first 
raise the weight or impart tension to the spring, which is 
accomplished when we wind np our clocks and watches. 
The man who winds the clock or watch communicates to tlio 
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weiglit or to the spring a certain amount of power, and ex- 
actly so mBch as is iliiia communicated ia gradually given out 
again during the following twenty-four hours, the original 
force being thus slowly consumed to overcome the friction of 
the wheels and the reaistauce whidi the pendulum encounters 
from the air. The wBeel-work of the dock therefore exhibits 
no working force which was uot previously eommunieated to 
it, but simply distributes the force given to it uniformly over 
a longer time. 

Into the chamber of an air-gun we squeeze, by means of 
a eondeneing Mr-pump, a great quantity of air. When wo 
afterwards open the cock of a gun and admit the compressed 
air into the barrel, the ball is driven out of the latter with a 
force similar to that exerted by ignited powder. Now we 
may determine the work consumed in the pumping-in of the 
air, and the living force which, upon firing, is communicated 
to the hall, but we shall never find the latter greater than the 
former. The compressed air has generated no working force, 
but simply gives to the bullet that which Las been previously 
communicated to it. And while we have pumped for perhaps 
a quarter of an hour to charge the gun, the force ia expended 
in a few seconds when the huUet is discharged ; but because 
the action is compressed into so short a time, a ainch greater 
velodty is imparted to the ball than would be possible to com- 
municate to it by the unaided effort of the arm in throw- 
ing it. 

■From these csamples you observe, and the mathematical 
theory has corroborated this for all purely mechanical, that is 
to say, for moving forces, that all our machinery and apparar 
tus generate no force, but simply yield up the power com- 
municated to them by natural forces, — ^falling water, moving 
wind, or by the muscles of men and animals. After this law 
t.ad been established by the great mathematicians of the Ias( 
century, a perpetual motion, which should make only use of 
[uii-e mechanical forces, such as gravity, elasticity, pressure of 
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liquids and gases, could only be sought after by bewildered 
and Ul-iastructed people. But there are stOl other natural 
forces which are not reckoned among the purely moving 
forces, — heat, electricity, magnetism, light, chemical forces, 
all of which nevertheless stand in manifold relation to me- 
chanical processes. There is hardly a natural process to be 
found which is not accompanied by mechanical actions, or 
from which mechaiiical work may not be derived. Here the 
question of a perpetual motion remained open ; the decision 
of this question marks the progress of modern physics. 

In the case of the air-gun, the work to bo accomplished in 
the propulsion of the ball was given by the arm of the man 
who pumped in the air. In ordinary firearms, the condensed 
mass of air which propels the bullet is obtained in a totally 
different manner, namely, by the combustion of the powder. 
Gunpowder is transformed by combustion lor tho mostpait 
info gaseona products, which endeavor to occupy a much 
"larger space than that previously taken up by the volume of 
the powder. Thus, you see, that, by (he use of gunpowder, 
the work which the human arm must iccomphsh m the ca^e 
of the air-gun is spared. 

In the mightiest of our maohines, fhe sttam cngm , it is -j 
strongly compressed aiiriform body, witer vapoui, which, hj 
its effort to expand, sets the machine m motion Here also, 
we do not condense the steam by means of in Bst^inal 
mechanical force, but by communicatm^ he'it to a mass of 
water in a closed boiler, we change this water into stiam, 
which, in consequence of the limits of the space, is developed 
under strong pressure. In this case, therefore, it is the heat 
conmmnlcated which generates tho mechanical force. The 
heat thus necessary for the machine we might obtain in many 
ways ; the ordinary method is to procure it from the combus- 
tion of coal. 

Combustion is a chemical process. A particulai- constitu- 
ent of our atmosphere, oxygen, possesses a strong force of 
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altraction, or, as it is aamcd in chemistry, a sti-ong affinity 
for the conatitueats of the combustible body, which affini^, 
however, in most cases, can only exert itself at high tempera- 
turea. As soon as a portion of the eombusfible body, for ex- 
ample the coal, is sufficiently heated, tiio carbon unites itself 
with great violence to the oxygen of the atmosphere and fonns 
a pecnliar gas, carbonic acid, the same which we see foanaing 
from beer and champagne. By this combination, light and heat 
are generated ; heat is generally developed by any combination 
of two bodies of strong affinity for each other ; and when the 
heat is intense enough, iight appears. Hence, in the steam 
engine, it ia eheniical processes and chemical forces which pro- 
duce the astonishing work of these machines. In like manner 
the combustion of gonpowder is a chemical process, which, 
in the barrel of the gun, communicates living force to the 
bullet. 

Willie now the steam engine develops for us mechanical 
work out of heat, we can conversely generate heat by mechani- 
cal forces. A skilful blacksmith can render an iron wedge red 
hot by hammering. The aslcs of our carriages must be pro- 
tected by careful greasing, from ignition through friction. 
Even lately this property has been applied on a large scale. In 
aome factories, where a surplus of water power is at hand, this 
surplus is applied to cause a strong iron plate to rotate swiftly 
upon another, so that they become strongly heated by the fric- 
tion. The heat so obtained warms the room, and thus a stove 
without fuel is provided. Now, could not the heat generated' 
by the plates be applied to a small steam engine, which, ia its 
turn, should be able to keep the robbing plates in motion ? 
The perpetual motion woidd thus he at length found. This 
question might be asked, and could not be decided by the 
older mathematico-mechanical investigations. I wiU remark, 
beforehand, that the general law which I will lay before you 
answers the question in the negative. 

By a similar plan, however, a speculative American .5et 
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some time ago the industrial world of Europe in cxcitemeut 
The magneto electric machinea ollen made use of in the caso 
of rheumatic disorders are well known to the public. By 
imparting a swift rotation to the magnet of such a machine, 
we obtain powerful currents of electricity. If those he con- 
ducted through water, the latter will be reduced into ita twa 
components, oxygen and hydrogen. By the coinbiistion of 
hydrogen, wa1«r is again generated. If this combustion takes 
place, not in atmospheric air, of which oxygen only consti- 
tutes a fifth part, but in pure oxygen, and if a bit of chalk be 
placed in the flame, the chalk will lie raised to a white heat, 
and give us the aun-like Drummond's ligiit. At the same 
time, the flame develops a considerable quintity of heat. 
Our American proposed to utilize in this wiy the gases 
obtained from electrolytic decomposition, and asserted that ty 
the combustion a sufficient amount of heat was genuated to 
keep a small steam engine in aotion, which again diope los 
magneto-electric machine, decomposed the watei, and thus 
continually prepared its own fuel. This would certainly have 
been the most splendid of aU discoveries ; a perpetual motion 
which, besides the force which kept it going, generated light 
like the Bun, and warmed all around it. The matter was by 
no means badly cogitated. Eacli practical step in the affair 
was known to be possible ; but those who at that time were 
acquainted with the physical investigations which bear upon 
this subject could have affirmed, on the first hearing the 
report, that tlte matter was to be numbered among the numer- 
ous stories of the fable-rich America ; and indeed, a fable it 
remained. 

It is not necessary to midtiply examples further. Yon 
will infer from those given, in what immediate connection 
heat, electricity, magnetism, light, and chemical affinity, stand 
with mechanical forces. 

Starting from each of these different manifestations of 
natural forces, we can set every other in motion, for the most 
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part not in one way merely, but in many ways. Il is here aa 
with, tlie weaver's web, — 

"Where a Btap etirs a thousand tlireaila 

The shuttles shoot from side to side, 

The fibres flow unseen, 

And one shooli strikes a tlicHisand combinations. 

Now it ia cleai- that if by any means we coftM succeed, as 
tJie above American professed to have done, by meehamcal 
forces, to excite cliemical, electrical, or other natural pro- 
cesses, wliieh, by any circuit whatever, and ■wilbout altering 
permanently ilio active masses in the machine, eoold produce 
mechanical force in greater quantity than that at first applied, 
a portion of the work thus gained might be made use of to 
keep the machine in motion, while the rest of the wort might 
be applied to any other purpose whatever. The problem 
was, to And in the complicated net of reciprocal actions, a 
track through chemical, electrical, magnetieal, and thermic 
processes, back to mechanical actions, which might be followed 
with a final gswn of mechanical work ; thus would the perpet- 
ual motion be found. 

But, warned by the futility of former experiments, the 
. public had become wiser. On tbe whole, people did not seek 
much aftev combinations which promised to furnish a perpetual 
motion, but the question was inverted. It was no more 
asked. How can 1 make use of the known and unknown rela^ 
tions of natural forces so as to construct a perpetual motion ? 
but it was asked. If a perpetual motion be impossible, what 
are the relations which must subsist between natural forces? 
Everything was gained by this inversion of the question. 
The relations of natural forces rendered necessary by the 
above assumption, might be easily and completely stated. It 
was found that all known relations of force harmonize with 
(he consequences of that assmnption , and a series of unknown 
relations were discovered at the same time, the correctness of 
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which remained to be proved. If a single one of them could 
be proved false, then a perpetual motion would be possible. 

The first who endeavowrcd to travel this way was a French 
man, named Carnot, in the year 182i. In spite of a tflo 
Hioited conception of his subject, and an incorrect viuw as to 
the nature of heat, which led him to some erroneous conclu^ 
sions, his esporiment was not quite unsuccessful. He di&" 
l»vered a law which now hears his name, and to which I >vill 
return further on. 

TTia labors remained for a long time without notice, and it 
was not tin eighteen years afterwards, fliat is, in 1842, that 
different investigators in different countries, and independent 
of Carnot, laid hold of the same thought. 

The first who saw truly the general law here referred to, 
and expressed it correctly, was a German physician, J. E. 
Mayer, of Heilbronn, in the year 1842. A little later, in 
1843, a Dane, named Colding, presented a memoir to the 
Academy of Copenhagen, in which the same Saw found utter- 
ance, and some experimeais were described for its further 
corroboration. la England, Joule began about the same time 
to make experiments having reference to the same subject. 
We often find, in the ease of questions to the solution of 
which the development of sdence points, that several heads, 
qmte independent of each other, generate exactly the same 
series of reflections, 

I myself, without being acquainted with either Mayer or 
Colding, and having first made the acquaintance of Joule's 
experiments at the end of my investigation, followed the same 
path. I eadeavoured to ascertain all the relations between tlie 
different natural processes, which followed irom our regarding 
(hem from the above point of view. My inquiry was mads; 
public in 1847, in a small pamphlet bear-ing the title, " Ou 
the Conservation of Force." 

Since that time the interest of the scientific pubHc for this 
subject has gradually augmented. A great number of the 
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essential consequences o£ the above maimer of viewing the 
Buhject, the proof of which ■was wantjng when the fii-st 
theoretic notions were published, have sinee been confirmed 
by experiment, particnlarly by those of Joule ; and during 
the last year the most eminent physicist of France, Kegnault, 
has adopted the new mode regarding the question, and by 
fresh investigations on the specific heat of gases has contri- 
buted much to ita support. For some important consequences 
the espcrjnicntal proof is stiU wonting, but the number of 
confii'mations is so predominant, that I have not deemed it 
too early to bring the subject before even a non-scientific 
audience. 

How the question has been decided you may already infer 
from what has been stated. In the scries of natural proeeBses 
there is no oireuit to be found, by which mechanical force can 
be gained without a corresponding consumption. The per- 
petual motion remains impossible. Our reflections, however, 
gain thereby a higher interest. 

We have thus far regai-dod the development of force by 
natural processes, only in its relation to its usefulness to man, 
aa mechanical force. You now see that we have arrived at a 
general law, which holds good wholly independent of thp 
application which man makes of natural forces ; we must 
therefore make the oppression of our new law correspond to 
this more general significance. It is ia the first place clear, 
that the work which, by any natural process whatever, is per- 
formed imder favourable conditions by a machine, and which 
may be measured in the way already indicated, may he used 
as a measure of force common fo all. Further, the impor- 
tant question aiisea, " If the quantity offeree cannot be aug- 
mented except by corresponding consumption, can it be 
diminished or lost? For the purpose of our machines it cer- 
tainly can, if we neglect the opportunily fo con^'ert natural 
processes to use, but as invtiitigafion has proved, not for a 
nature aa a whole," 
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In t!ie coUiaioa and fi-ietioa of bodies agaaust eaeii otlier, 
tlie Jiieehanica of former years assumed simply tiisit living 
force was loat. But I have already stated that each collision 
and each act of friction generates lieat ; and, moreovei', Joule 
has eatahliahed by experiment tbe important law, that for 
every foot-poimd of force which is lost, a definite quantity cf 
heat 13 always generated, and that when work is performed 
by the congumption of heat, for ea«h foot-pound thus gained a 
defiait« quantify of heat disappears. The quantity of heat 
necessary to raise the temperature of a pound of water a de- 
gree of the centigrade thermometer, corresponds to a Enechani- 
cal force by which a pound weight would be raised to the 
height of 1350 feet ; wo name this quantity tbe mechanical 
equivalent of heat. I may mention here that these fa«ta con- 
duct of necessity to the conclusion, that the heat is not, as 
was formerly imagined, a fine imponderable aulMtaace, but 
that, like light, it is a peculiar shivering motion of the ulti- 
mate paxficles of bodies. In collision and friction, according 
to this manner of viewing the subject, the motion of die mass 
of a body which is apparently lost is converted into a motion 
of the ultimate particles of the body ; and conversely, when 
mechanical force is generated by heat, the motion of the ulti- 
mate particles is converted into a motion of the mass. 

Chemical combinations generate heat, and the quantity of 
this heat ia totally independent of the time and steps through 
which the combination has been effected, provided that other 
actions are not at the same time brought into play. If, however, 
mechanical work ia at the same time accomplished, as in the 
case of the steam engine, we obtain as much leas heat as is 
equivalent to this work. The quantity of work produced by 
chemical force is in general very great. A pound of the 
purest coal gives, when burnt, sufficient heat to rfdse the tem- 
perature of 8086 pounds of water one degree of the centi- 
trrade thermometer ; from this we can calculate tJoat the mag- 
nitude of the chemical force of attraction between the parti- 
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ilea of a pound of eoal and the quantity of oxygen that corre- 
sponds to it, is capable of lifling a weight of one hundred 
pounda to a height of twenty miles. Unfortuiiately, in our 
steam engines, we hare hitherto been able to gain only the 
smallest portion of this work ; the greater part is lost in the 
shape of heat. The best expansile engines give back as 
mechanical wort only eighteen per cent, of the heat generated 
hy the fuel. 

From a Bimilar investigation of all the other known physi- 
cal and chemical processes, we arrive at the conclusion that 
Nature as a whole possesses a store of force which cannot in 
any way be either increased or diminiahed. And that, there- 
fore, the quantity of force ia nature ia just as eternal and 
unalterable as the quantity of matter. Expressed ia this form, 
I have named the general law " The Pi'inciple of the Conser 
vation of Force." 

We cannot create mechanical force, but we raay help our- 
selvea from the general store-house of Nature. The brook 
and the wind, which drive our nulls, the forest and the coal- 
bed, which supply our steam engines and warm our rooms, 
are to us the bearers of a small portion of the great natural 
supply which we draw upon for our purposes, and the actions 
of which we can apply as we think fit. The possessor of a 
min claims the gravity of the descending rivulet, or the living 
force of the moving wind, as his possession. These por- 
tions of the store of Nature are what give lus property its 
chief value. 

Further, from the fact that no portion of force can be 
absolutely lost, it does aot follow that a portion may not be 
inapplicable to human purposes. In this respect tlie infer- 
ences drawn by WiUiam Thomson from the law of Camot 
are of importance. This law, which was discovered by Cai> 
not during his endeavours to ascertain the relations between 
heat and mechanical force, which, however, by no means 
belongs to the necessary consequence of the conservation of 
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force, and wHcIi Clausius waa tlic first to modify In sucli a 
roimner that it no longer contradicted the above general law, 
expresses a certain relation between the compreseihility, the 
capacity for teat, and fte expansion by heat of all bodiea. It 
is not yet considered as actually proved, but some remarkable 
deductions having been drawn from it, and afterwards proved 
to be fa«ts by experiment, it has attained thereby a great 
degree of probability. Besides tiie mathematical form in 
which the law was Srst expressed by Camot, we can give it 
the following more general expression : — " Only when heat 
passes from a warmer to a colder body, and even then only 
partially, can it be converted into mechanical work." 

The heat of a body which we cannot cool further, cannot 
be changed into another form, of force ; into the eleetrio or 
chemical force, for example. Thus, in our steam engines, 
we convert a portion of the heat of the glowing coal into 
work, by permitting it to pass to the leS3 warm water of the 
boUer. If, however, all the bodies in nature had the same 
temperature, it would be impossible to convert any portion of 
tiieir heat into mechanical work. According to this, we can 
divide the total force store of the nniverse into two pai'ts, one 
of which is heat, acd mubt continue to be such ; the other, to 
which a porkon of the lieit of the wanner bodies, and the 
total supply of chemical, mechanical, electrical, and raagneti- 
cal forces belong, is capable of the most varied changes of 
form, and constitute'* ibe whole wealth of change which takea 
place in nature. 

But the heat of the warmer bodies strives perpetually to 
pass to bodies less warm by radition and conduction, and thus 
to establish an equilibrium of temperature. At each motion 
of a terrestrial body, a portion of mechanical force passes by 
friction or collision into heat, of which only a psirt can be 
converted back again into m.echamcal force. This is also 
generally the case in every electrical and chemical process. 
From this, it follows that tlio first portion of Ibe store of force. 
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tlifj unohdngeable heat, is augmented by every natural pro- 
cess, wliile Uie second portion, medianical, electrical, and 
chemical foi-ce, mtist he diminished ; so that if the universe 
be delivered ever to the undisturbed action of its physical pro- 
cesses, all ftrce will finally pass info the form of heat, and all 
heat come into a state of equilibrium. Then all possibility of 
a further change would be at an end, and the complete ce^a- 
tion of all natural processes must set in. The life of men, 
animals, and plants, could not of course continue if tie sun 
had lost its high temperature, and with it his light, — if all the 
components of the oiirth's surface had closed tliose combinaf 
tions which their afliuities demand. In short, the nniverse 
from that time forward would be condemned to a state of 
eternal rest. 

These consequences of the law of Camot are, of course, 
only valid, provided that the law, when sufficiently t«st«d, 
proves to be nmversally correct. In the mean time there is 
little prospect of the law being proved incorrect. At all 
events wo must admire the sagacity of Thomson, who, in the 
letters of a long known little mathematical formula, which 
only speaia of the heat, volume, and pressure of bodies, 
was able to discern consequences which threatened the uni- 
verse, though certainly afer an infinite period of time, with 
eternal death. 

I have already given you notice that our path lay through 
a thorny and unrefreshing field of mathomatico-mechanical 
developments. Wo have now left this portion of our road 
behind us. The general principle which I have sought to lay 
before you lias conducted us to a point from which our view 
is a wide one, and, aided by this principle, we can now at 
pleasure regard this or the other side of the surrounding 
world, according as our interest in the matter leads ns. A 
glamEe into fhfe narrow laboratory of the physicist, with its 
small appliances and complicated abstractions, wiU not be so 
attractive as a glance at the wide heaven above us, the clouds. 
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tlie rivers, tlie woods, aai the living beings around us. Wiiilo 
regarding the laws which have beeu deduced from the physi- 
cal proceases of terrestrial bodies, as applicable also to the 
heavenly bodies, let me remind you that the same force which, 
acting at the earth's surface, we call gravity (^Schwere), acta 
BS gravitation in the celestial spaces, and also manifests its 
power in Ibe motion of the imm.easuiably distant double stars 
which are governed by exactly the same laws as those suh- 
siating between the earth sind moon ; that, therefore, the 
light and heat of terrestrial bodies do not in any way differ 
eBBentially from those of the sun, or of the most distant liied 
star ; that the meteoric stones which sometimes fall from ex- 
ternal space upon the earth are composed of exactly the same 
simplu chemical substances as those ■with which we ai-e 
acquainted. We need, therefore, fepl no sci-wple in granting 
that general laws to which all terrestrial natural processes 
are subject, are also vaHd for other bodies than the earth. 
We will, therefore, make use of our law to glance over the 
household of tlie universe with respect to the store of force, 
"apable of action, which it possesses. 

A number of singular peculiiirities in the structure of our 
planetary system imlicate that it was once a connected mass 
with a unifoiTi motion of rotation. Without such an assump- 
tion, it is impossible to explain why all the planets move in the 
same direction round the sun, why they aU rotate in the same 
direction round their axes, why the planes of their orbits, and 
those of their satellites and rings all nearly coincide, why all 
their orbits differ but little from circles; and much besides. 
From these remaining indications of a former states astrono- 
mers have shaped an hypothesis regarding the formation of 
our planetary system, which, although from the nature of the 
ease it must ever remain an hypothesis, still in ita special 
traits is so well supported by analogy, that it certainly de- 
flerves our attention. It was Kant, who, feeling great inter- 
est in the physical description of the earth and the planetary 
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system, undertook the labour of studying the works of New- 
ton, and as an evidence of the depth to which he had pene- 
trated into the fundamental ideas of Newton, seized the notion 
that the same attractive force of (Jl ponderable matter which 
now supports the motion of the planets, must also aforetime 
have been able to form from matter looaely scattered in space 
the planetary system. Afterwards, and independent of Kant, 
Laplace, the great author of the Meeanigue CMeste, laid hold 
of the same thought, and introduced it among astronomers. 

The conamcGcement of our planetary system, including 
the sun, must, according to this, be regarded as an immense 
nebulous masa which filled the portion of space which is now 
occupied hy onr system, far beyond the limits of Neptnne, 
our most distant planet. Even now we perhaps see similar 
masses in the distant regions of the firmament, as patches of 
nebulte, and nebulous stars ; within our system also, comets, 
the zodiacal light, the corona of the sun during a total eclipse, 
exhibit remnants of a nebulous substance, which is so thin 
that the light of the stars passes through it unenfeebled and 
nnrefracted. If we calculate the density of the mass of our 
planetary system, according to the above assumption, for the 
time when it was a nebulous sphere, which reached to the 
path of the outmost planet, we should find that it would 
require several cubic mOes of such matter to weigh a single 
grain. 

The general attractive force of all matter must, however, 
impel these masses to approach each other, and to condense, 
BO that the nebulous sphere became incessantly smaller, by 
which, according to mechanical laws, a motion of rotation 
originally slow, and the existence of which must be assumed, 
would gradually become quicker and quicker. By flie cen- 
trifugal force which must act most eaergelically in the neigh- 
bourhood of the equator of the nebulous sphere, masses 
could from time to time he torn away, which afterwards would 
wntinue their courses separate from the main mass, forming 
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tliemselvea into single planets, or, similar to th« great orij^ 
nal sphere, into planets with satellites and rings, until finally 
the principal mass condensed itself into the sun. With 
regard to tlie origin of heat and light, this view gives us no 
information. 

"When the nebulous chaos first separated itself from other 
fiscd star masses, it must not only have contained all kinds 
of matter which was to constitute the future planetary sys- 
tem, but also, in accordance with our new law, the whole 
store of force which at one time must unfold therein its wealth 
of aotions. Indeed in this respect an immense dower was 
bestowed in the shape of the general attraction of all the par- 
ticles foi each other This toicc, which on the eixtb exert'* 
itself as gravity, acts in the heaY(,nly ipatcs as giavitation 
Afl terrcstiiEil giavity whpn it Iraws a weight downwaiJs 
performs work and generates tw vita, ao also the heivenly 
bodies do the SJjne when they drtw two poitions of matfii 
fiom distant resjiona of spice towards each other 

The chemical foia^s must hive been also prtiSLUt, ready 
to act, but as those foices oan only come mfo operation 
by the most mtimito contact of the different mos'iei, con 
den'.ation must hT\e taton plate before the pliy of chemicil 
f jrccs began 

"Wliethei a still turthtr supply of force m the shape of 
heat was present at the commencement we do not know. At 
all events, by aid of the law of the equivalence of heat and 
work, we find in the mechanical forces, eadstiag at the time 
to which we refer, such a rich source of heat and light, tbat 
there is no necessity whatever to take refiige in the idea of a 
store of these forces originally existing. When through con- 
densation of the masses their particles came into collision, 
and clung to each other, the vis viva of their motion would he 
thereby annihUatod, and mnst reappear as heat. Already in 
old theories, it has been calculated, that coemical masses must 
generate heat by their collision, but it was far from any body's 
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tLoTiglit, to make eTea a guess at the amount of heat to ba 
generated in tliis way. At present we can give definite 
numerical vaJuea with certainty. 

Let us make this addition to our asBunaption ; tliat, at the 
commencement, the density of the nebulous matter was a van- 
ishing quantity, as compared with the present density of ttio 
sun and planets ; we can then calculate how much work has 
been performed by the condensation ; we can furtlier calcu- 
late how much of this work still exisia in the form of mechani- 
cal force, as attraction of the planets towards the sun, and as 
vis viva of their motion, and find, by this, how much of the 
force has been converted into heat. 

The result of this calculation is, that only about the 454th 
part of the original .mechanical force remains as such, and 
that the remainder, converted into heat, would be Buf&cient to 
raise a mass of water equal to the sun and planets taken to- 
gether, not less- than twenty-eight millions of degrees of the 
centigrade scale. For the sake of comparison, I will mention 
that the highest temperature which we can produce by the 
osyhydrogou blowpipe, which is sufficient to fuse and vapor- 
ize even platiaa, and which but few bodies can endure, is 
^timated at about two thousand centigrade degrees. Of the 
action of a temperature of twenty-eight millions of such de- 
grees we can form no notion. If the mass of our entire sys- 
tem were pure coal, hy the combustion of the whole of it only 
the 3600th part of the above quantity would be generated. 
This is also clear, that such a development of heat must have 
presented the greatest obstacle to the speedy union of Uie 
masses, tliat the larger part of the heat m.ust have been 
diffused by jadiation info space, before the masses could form 
bodies possessing the present density of the sun and planets, 
and that these bodies mast once have been in a state of fiery 
fluidity. This notion is corroborated by the geological phe- 
nomena of our planet ; and with regard to the otlier planefarj 
bodies, the flattened form of the sphere, which in the form of 
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oquilibrium of a fluid maea, is indicative of a former stale of 
fluidity. If I ILiia permit an immense quantity of heat 
to disappear without compensation from our system, the 
principle of tlie conservation of force is not thereby invaded. 
Certainly for our planet it is lost, httt not for the universe. 
It has proceeded outwards, and daily proceeds outwards into 
infinite apace ; and wo know not whether the medium which 
tranSDiits the undulations of light and heat possesses an end 
where the raya must return, or whether they eternally pursue 
their way tlirough infinitude. 

The store of force at present possessed by our system, is 
also equivalent to immense quantities of heat. If our earth 
were by a sudden shock brought to rest on her orhit — which 
is not to be feared in the existing arrangements of our syst«m 
— ^by such a shock a quantity of heat would be generated 
equal to that produced by the comhuation of fourteen such 
earths of solid coal. Making the most unfavourable assump- 
tion as to its capacity for heat, that ia, placing it equal to that 
of water, the mass of the earth would thereby be heated 11,200 
degrees ; it would therefore be quite fused and for the most 
part reduced to vapour. If, then, the earth, after having been 
thus bi-ought to rest, should fall into the sun, which of courae 
would be the case, the quantity of heat developed by the shock 
would be foui- hundred times greater. 

Even now, from iinie to time, such a process is repeated 
on a smaU scale. Tliere can hardly be a doubt that meteors, 
fire-balls, and meteoric stones, ai-e masses which belong to 
the universe, and before coming into the domain of our earlli, 
moved like the planets round the sun. Only when they enter 
our atmosphere do they become visible and fall sometimes to 
the eailh. In order to explain the emission of light by 
these bodies, and the fact that for some time after flieii 
descent they are very hot, tlie friction wi^ long agft thought 
of which they experience in passing through the air. We 
can now calculate that a velocity of 3000 feet a second 
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aupposing the whole of the friction to be expended in heating 
the solid mass, would raise a piece of meteoric iron 1000° C. 
in temperature, or, in other words, to a vivid red heat. Now 
the average velocity of the meteors seems to be thirty or forty 
times the ahove amoant. To compensate this, however, the 
greater portion of the heat ia, doubtless, carried away by the 
condensed mass of air which the meteor drives before it. It 
ie known that bright meteors generally leave a luminous trail 
behind them, which probahly consists of several portions of 
the red-hot sarfiices. Meteoric masses which fall to the earth 
oiten burst with a violent explosion, which may be regarded 
as a result of the quick heating. The newly-fallen pieces 
have been for the most part found hot, hut not rod-hot, which 
is easily explainable by the circuiastauee, that during the 
short time occupied by the meteor in passing through the 
atm.osphere, only a thin, superficial layer ia heated to redness, 
while but a small quantity of heat has been able to penetrate 
to the interior of the mass. For this reason the rod heat can 
speedily disappear. 

Thus has the falling of the meteoric stone, the minnte 
remnant of processes which seems to have played aa impor- 
tant part in the formation of the heavenly bodies, conducted 
U8 to the present time, where we pass from flie darkness of 
hypothetical views to the brightness of knowledge. In what 
we have said, however, all that is hypothetical is the assump- 
tion of Kant and Laplace, that the masses of onr system were 
once distributed as nebulae in space. 

On account of the rarity of the case, we will still further 
remark, in what close coincidence the results of science here 
stand with the earlier legends of the human family, and the 
forebodings of poetic fancy. The cosmogony of ancient na^ 
tions generally commences with chaos and darkness. 

Neither is the Mosaic tradition very divergent, particu- 
larly when we remember that that wluch Moses names heaven 
is different from the blue dome above us, and is synonymous 
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with space, and thai tlic unformed earth, and the waters of 
tho great deep, whidi were afterwards divided into waters 
above the firmament, and waters below the firmament, resem- 
bled the chaotic component* of the world. 

Onr earth bears still the uumistakahlc traces of its old 
fiery fluid eoadilion. The granite formations of her moim- 
tains exhibit a structure, which can only be produced by the 
crystallization of fused masses. Investigation still shows 
Uiat the temperature in mines, and borings, incrcaBC* as we 
descend ; and if this increase is uniform, at the deptli of .flfiy 
miles, a heat exists aufflcient to fuse all our minerals. Even 
now oar volcanoes project, from time to time, mighty masses 
of fused rocks from their interior, as a testimony of the heat 
which exists there. But the cooled crust of the earth has 
already become so thick, that, as may be shown by calcula- 
tions of its conductive power, the heat coming to the surface 
from within, in comparison with that reaching the earth from 
the sun, is exceedingly small, and increases the temperature 
of the surface oaly about one thirtieth of a degree centigrade ; 
so that the remnant of the old store of force which is enclosed 
as heat within the bowels of the earth, has a sensible influence 
upon ■ the processes at the earth's surface, only through the 
instrumentality of volcanic phenomena. These processes ovx 
their power ahnost whoU/y to the action of otlier heavenly bodies, 
farlaeularly to ike Ught and heat of the sn/n, and partly also, 
in the case of the tides, to the attraction of the sun and moon. 

Most varied and numerous ai-e the changes which we owe 
to the light and heat of the sun. The sun heats our atmos- 
phere irregularly, the warm rarefied air ascends, while fresh 
cool air flows from the sides to supply its place : in this way 
winds are generated. This action is moat powerfd at the 
equator, tho warm air of which mcessintly flows in the upper 
regions of the atmosphere towauls the poles; while just as 
persistently, at the earth's surlacc, the trd,de wind carries new 
aad cool air to tlie equator. Without the hLat of the sun aU 
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winds must, of necessity, cease. Similar currents are pro- 
duced by the some cause in the waters of the sea. Their pow- 
er may be inferred from the influence which in some eases 
they exert upon climai«. By them the warm water of tho 
Antilloa is carried to the British Isles, and confers upon them 
a mild, uniform warmth and rich moisture ; while, through 
similar causes, the floating iee of the North Pole is carried to 
the coast of Kewfoundland, and produces cold. Further, by 
the heat of the sun, a portion of the water is converted into 
vapour which rises in the atmosphere, is condensed to clouds, 
or falls ia rain and snow upon the earth, colIecfB in the form 
of springs, brooks, and rivers, and finally reaches the sea 
again, after having gnawed the rocks, carried away the light 
cartii, and thus performed its part in the geologic changes of 
the earth ; perhaps, besides all this it has driven onr water- 
mill Tipon its way. If the heat of the sun were withdrawn, 
there would remain only a single motion of water, namely, 
the tides, which are produced by the attraction of the sun and 
moon. 

How is it, now, witb the motions and the work of organic 
beings. To the builders of the automata of the last century, 
men and animals appeared as clockwork which was never 
wound up, and created the force which they exerted out of 
nothing. They did not know how to establish a connection 
between the nutriment consumed and the work generated. 
Since, however, we have learned to discern in the steam-en- 
gine this origin of mechanical force, we must inquire whether 
something similar does not hold good with regard to men. In 
deed, the continuation of life is dependent on the consHmption 
of nutritive materials : these are combustible substances, which, 
after digestion and being passed into the blood, actually under- 
go a slow combustion, and finally enter into almost the same 
combinations with tlio oxygen of the atmosphere that are pro- 
duced in an open fire. As the quantity of heat generated by 
eombustionis independent of the duration of thecombuslion and 
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the steps in whicb. it occurs, we can calcHlate from tlio mass of 
the consumed material how much heat, or its equivalent work 
ia thereby generated in an animal body. Unfortunately, tlie 
difficulty of the esperimenta ia still very great ; but within 
those limits of accuracy ■which have been aa yet attainable, the . 
experiments show that the heat generated in the animal body 
eorresponda to the amount which would bo generated by the 
ehemieal processes. The animal body therefore does not differ 
from the steam-engine, as regards the manner in which it 
obtaina boat and force, but docs differ fix>m it in the man- 
ner in which the force gained is to be made use of. The 
body is, besides, more limitsd than the machine in the choice 
of its fuel ; the latter coald be heated with sugar, with starch- 
flour, and hiitter, just as well as with coal or wood ; the ani- 
mal body nu^t dissolve its materials artificially, and distribute 
them through its system ; it must, further, perpetually renew 
the used-up materials of ita organa, and aa it cannot itself 
create the matter necessary for this, the matter muat come 
fi^>m without. Liehig was the fijst to point out these various 
uses of the consumed nutriment. Aa material for the perpet^ 
ual renewal of the body, it seems that certain definite albumi- 
nous substances which appear in plants, and form the chief 
mass of the animal body, can alone be used. They form only 
a portion of the mass of nutriment taken daily ; the remain- 
der, sugar, starch, fat, are really only materials for warming, 
and are perhaps not to be superseded by coal, simply bocauae 
the latter doeg not permit itself to be disaolved. 

If, (hen, the process^ in the animal body are not in this 
respect to be distinguished from inorganic processes, the ques- 
tion arises, whence comea the nutriment which constitutes 
the source of the body's force? The answer is, from the 
vegetable kingdom ; for only the material of planta, or the 
flesh of plant-eating animals, can be made use of for food, 
The animals which live on plantM occupy a mean position 
between caiiiivorous animals, in n hich we reckon man, anti 
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Tegetablijs, whieti llie former could not make iiae of im 
ately as nnU'iment. In hay and grass tlic saane nutritive sub- 
stances are present as in meal and floor, but in less quantity. 
As, however, the digestive organs of man are not in a condi- 
tion to extract the small qaantity of the useful from the great 
excess of tte insoluble, we submit, in the first plaee, these 
Bubstances to (he powerful digestion of the ox, permit tha 
nourishment to store itself in the animal's body, in order in 
the end to gain, it for ourselves in a mora agreeable and use- 
ful form. In answer to our question, therefore, we are re- 
ferred to the vegetable world. Now when what plants take 
in and what they give out are made the subjects of investiga- 
tion, we find that the principal part of the former consists in 
the products of combustion which are generated by the ani- 
mal. They take tlie consumed carbon given off in respira- 
tion, as carbonic acid, from the air, the consumed hydrogen 
as water, the nitrogen in its simplest and closest combination 
as ammonia ; and from these materials, with the assistance 
of email ingredients which fhey tate from the soil, they gen- 
erate anew the compound combustible substances, albumen, 
sugar, oil, on which the animal subsists. Here, therefore, is 
a cu-eoit which appears to be a perpetual store of force. 
Plants prepare fuel and nutriment, animals consume these, 
bom them slowly in their lungs, and from the products of 
combustion the plants again derive their nutriment. The 
latter is an eternal source of chemical, Ihe former of mechan- 
ical forces. Would not the combination of both organic king- 
doms produce the perpetual motion? We must not conclude 
hastily : further inquiry shows, that plants are capable of pro- 
ducing combustible substances only when they are under tlie 
mfluence ot the sun A portion of the sun's rays exhibits a 
rpmirkable relation to chemical forces, — it can produce and 
destroy chemicJ ombmations , tnd these rays, which for the 
most part aie Hue or violet, are called therefore chemical 
ray* TV e m ikt usl of thi,ir action in the production of pho- 
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tographs. Here compounda of silver are decomposed at tlie 
placo where tbe sun's rays strike tJiem. The eame rays over- 
power in the green leaves of plants the strong chemical affinity 
of the carbon of the carbonic acid for oxygen, give back the 
latter free to the atmosphere, and accumulate the other, in 
combination with other bodies, as woody fibre, starch, oU, or 
resin. Those chemically active raya of the sun disappear 
completely as soon as they eneoimter the green portions of the 
plants, and hence it is that in daguerrotype images the green 
leaves of plants appear uniformly black. Inasmuch as tbe 
light coming irom them does not contain the chemical rays, it 
is unable to act upon the silver compounds. 

Hence a certain portion of force diaappeara firom the sun- 
light, while combustible substances are generated and aceuimi- 
latcd in plants ; and we can assume it as very probable, that 
the former is the cause of the latter. I must indeed remark, 
that we are in possession of no experiments from which we 
m^ht deteraunc whether the vis viva of tbe sun's raya which 
have disappeared, corresponds to the chemical forces aecumu- 
lated during the same time ; and as long as these experiments 
are wanting, we cannot regard the stated relation as a cer- 
tainty. H thh view should prove correct, we derive from it 
the flattering result, that all force, by means of which our bodies 
live and move, finds its source in the purest sunlight ; and 
hence we are all, inpoint of nobUity, not behind the race of tbe 
great monarch of China, who heretofore alone called hiniBelf 
Son of the Sun. But it must also be conceded that our lower 
fellow-beings, the frog and leech, share the same ethereal 
origin, as also 'the whole vegetable world, and even the fuel 
which comes to us from the ages past, as well as the youngest 
offepring of the forest with which we heat our stoves and set 
our machines ia motion. 

Tou see, then,, that the immense wealth of ever-changing 
meteorological, climatic, geological, and organic processes of 
our earth are almost wholly preserved in action by the lighi 



Hosted .vGoogle 



DYNAMICS OF SITNLIOIIT. 241 

and lieat-giving rays of tlie sun ; and you see in tiiis a re- 
markable example, how Prot«ii9-like the effects of a single 
cause, under altered external conditione, may exliihit itself in 
nature. Besides these, the earth experiences an action of 
another kind from its central luminary, as well as from its 
satellite the moon, which exMbits itself in the remarkable 
phenomenon of the ebb and flow of the tide. 

Each of these bodies excites, by its attraction upon the 
waters of the sea, two gigantic waves, which flow in tJie same 
directioa roand the world, as the attracting bodies iliemselves 
apparently do. The two waTca of the moon, on account of 
her greater nearness, are about three and a half times as large 
as those excited by the sun. One of these waves has its crest 
on the quarter of the earth's surface which is turned towards 
the moon, the other ia at the opposite side. Both these quar- 
ters possess the flow of the tide, while the regions which lie 
between have the ebb. Although in the open sea the height 
of the tide amountB to only about three feet, and only in cer- 
tain narrow channels, where the moving water is squeezed 
together, rises to thirty feet, the might of the phenomena is 
nevertheless manifest from the calculation of Bessel, accord- 
ing to which a quarter of the earth covered by the sea pos- 
sesses, during the flow of the tide, about 25,000 cubic miles 
of water more than during the ebb, and that therefore such a 
mass of water must, in six and a quarter hours, flow from 
one quarter of the earth to the other. 

The phenomena of tlie ebb aud flow, as already recognized 
by Mayer, combined with the law of the conservation of force, 
stand in remarkable connection with the question of the sta- 
bility of our planetary system. The mechanical theory of the 
planetary motions discovered by Newton teaches, that if a 
Bolid body in absolute vaciu), attracted by the sun, move 
around him in the same manner as the planets, this motion 
will endure unchanged through all eternity. 

Now we have actually not only one, but several sweh 
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planets, which move around the sun, aud iby their mutual 
attraction create little changes and disturhancea io each otter's 
paths. NeverfLeless Laplace, in hia great work, the Mican- 
ique Oeleste, has proved that in our planetary system all these 
disturbances increase and diminish periodically, and can never 
exceed certain limits, so that by this cause tlie eternal exist- 
ence of the planetary system is unendaagered. 

But I have already named two aasumpliona which must be 
made : first that the celestial spaces must be absolutely empty j 
and secondly, that the sun and planets must be solid bodies. 
The first ia at least the case aa far as astronomical observa- 
tions reach, for they have never been able to detect any relar- 
dalion of the planets, such as would occur if they moved in a 
resisting medium. But on a body of less mass, the comet of 
Encke, changes are observed of such a nature : this comet de- 
scribes eHipses round the sun which are becoming gradually 
smaller. If this kind of motion, which certainly corresponds 
to that thi-ough a resisting medium, be actuaUy due to the ex- 
istence of such a medium, a time wiil come when the comet 
will strike the sun ; and a similar end threatens all the planets, 
although after a time, the length of which baffles our imagina- 
tion to conceive of it. Bat even should the existence of a re- 
sisting medium appear doubtful to us, there is no doubt that 
the planets are not wholly composed of sohd materials which 
are inseparably bound togethier. Signs of the existence of an 
atmosphere are obsen^ed on the Sun, on Venus, Mars, Jupi- 
ter, and Saturn, Signs of water and ice upon Mars ; and 
our earth has undoubtedly a fluid portion on its sui-fa.ce, 
and perhaps a still greater portion of fluid within it. The 
motions of the tides, however, produce friction, all friction 
destroys vis wutt, and the loss in this case can only aiFect the 
vis viva of the planetary system. Wo come thereby to the 
nnavoidable conclusion, that every tide, although with infinite 
Blownees, still with certainly, diminishes the store of mechani- 
cal foi-ce of the system; and as a consequence of this, the ro- 
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tation of the planets in question round their axes must become 
more slow ; they must therefore approach the sun, or theii 
satellites must approach them. What length of time must 
pass before the length of otir day is ciiminished one second by 
the action of the tide cannot bo calculated, nntol the height 
and time of the tide in all portions of the ocean arc known. 
This alteration, however, takes place with extreme slowness, 
as is known by the consequences which Laplace has deduced 
from the observations of Hipparchus, aeeording to which, 
during a period of 2000 years, the duration of the day has 
not been shortened by the one three himdredtli part of a sec- 
ond. The final consequence would be, but after millions of 
years, if in the mean time the ocean did not become froaeo, 
that one side of the earth would be constantly turned towards 
the sun, and enjoy a perpetual day, whereas the opposite side 
would be involved in eternal night. Such a position we 
observe in our moon with regard to the earth, and also in the 
case of the satellites as regards their planets ; it is, perhaps, 
due to the action of the mighty ebb and flow to which these 
bodies, in the time of their flery fluid condition, were sub- 
jected. 

I would not have brought forward these conclusions, which 
again plunge ns in the most distant future, if they were not 
unavoidable. Physico-mechanical laws are, as it were, the 
telescopes of our spiritual eye, which can penetrate into the 
deepest night of time, past and to come. 

Another essential question as regards the future of our 
planetary system has reference to its future temperature and 
illumination. As the internal heat of the earth has but little 
influence on the temperature of the surface, the heat of the 
8un is the only thing which essentially affects the questdon. 
The quantity of beat falling from the sun during a given time 
upon a given portion of the earth's surface may be measured, 
and from this it can be calculated how much heat in a given 
lime is sent out &om (he entire sun. Such measurements 
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have Ijccn made by the French physicist Pouillet, and it has 
been fotind that the stm gives out a quantity of heat per honr 
equal to that which a layer of the densest coal ten feet thick 
would give out by its combustion ; and hence in a year a 
- quantity equal to the combustion of a layer of seventeen miles. 
If this heat wore drawn uniformly irom the entire m*ss of the 
Buu, its temperature would only be diminished thereby one and 
cue third of a degree centigrade per year, assuming its capa- 
city for heat to be equal to that of water. These results can 
give us an idea of the magnitude of the emission, in relation 
to the Bm.-face and. mass of the sun ; but ttoy cannot inform 
US wLother the sun radiates heat as a glowing body, which 
since its formation has its heat accumulated within it, or 
whether a new generation of heat by chemical processes 
takes place at the sun's surface. At ali events the law o£ the 
conservation of force teaches us that no process analogous to 
those known at the surface of the earth, can supply for etemily 
an inexhaustible amount of light and heat to the aun. But 
the same law also teaches that the store of force at present 
existing, as heat, or aa what may become heat, ia sufficient for 
an immeasurable time. With regard to the store of chemical 
force in the sun, we can form, no conjecture, and the store of 
heat tliere osisting can only be determined by very uncertain 
estimations. If, however, we adopt the very probable view, 
tliat the remarkably small density of so large a body is caused 
by its high temperature, and may become greater in time, it 
may be calculated that if the diameter of the aun were dimin- 
ished only the ten-thousandth paxt of its present length, by 
this act a sufficient quantity of heat would be generated to 
cover the total emission for 2100 years. Such a small change 
besides it would be difficult to detect even by the iinest astro- 
nomical observations. 

Indeed, from the commencement of the period during 
which we possess historic accounts, that is, for a period of 
about 4000 years, the temperature of the earth has not sens! 
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bly diminislied. From those old ages we liave certainly ua 
ttermometMe observationa, but wo have infori&ation regard- 
ing the distributioa of certain cultivated plants, the vine, the 
olive tree, which are very sensitive to changes of the mean 
annual temperature, and we find that these plants at the pres- 
ent moment have the same limits of distribution that they had 
ill the times of Abraham and Homer ; from which wo roay in- 
fer hackwarda the constancy of the climate. 

In opposition to this it has been urged, that here in Prussia 
the German knights in former times cultivated the vine, 
cellared their own wine and drank it, which is no longer pos- 
sible. From this the conclnsion has been drawn, tliat the 
heat of our climate has diminished since the time refeiTed to. 
Against this, however. Dove Las cited the reports of ancient 
chroniclers, according to which, iu some peculiaiiy hot years, 
the Prussian grape possessed somewhat less than its usual 
quantity of acid. The fact also speaks not so much for the 
climate of the country as for the throate- of the German 
drinkers. 

But even though the force store oi our plmetary system 
is so imm.enscly great, that by the mct,S''ant emission which 
has occurred durmg the period of homau histoiy it has not 
been sensibly diminished, even though the length of the time 
which must flow by, before a sensible change m tte state of 
our planetary system occurs, is totally incapable of measure- 
ment, still the inexorable laws of mechanics indicate that this 
store of force, which can only suffer loss and not gain, must 
be finally eshausted. Shall we terrify ourselves by this 
thought? Men are in the habit of measuring the greatness 
ajid the wisdom of the imiverse by tiie duration and the profit 
which it promises to their own race ; but the past liistory of 
the earth already shows what an insignificant moment the 
duration of the existence of onr race upon it constitutes. A 
Nineveh vessel, a Roman sword awakes in us the conception 
of grey antiquity. "What the museums of Eui'ope show us o 
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Uie remaius of Egypt and Assyria we gaze upon with silent 
aattmisiineiit, and despair of being able to carry our thoughts 
back to a period so remote. Still must the human race havo 
existed for ages, and multiplied itself before the pyramids of 
Nineveh could have been erected. We estimate the duration 
of human history at 6000 years ; but inuneasurable as this time 
■mej appear to us, what Is it In comparison with the time dur- 
i ig which the earth carried successive seiies of rank plants 
and mighty animals, and no men ; during which in our neigh- 
bourhood the amber-tree bloomed, and dropped its costly gum 
on tlie earth and in the sea ; when in Siberia, Europe and 
North America groves of tropical palms flourished ; where 
gigantic lizards, and after them elephants, whc^e mighty re- 
mains we still find buried in the earth, found a home ? Dif- 
ferent geologists, proceeding from different premises, have 
sought to estimate the duration of tbe above creative period, 
and vary from a million to nine million years. And the time 
during which the earth generated organic beings is again 
small when we compare it with the ages during which the 
world was a ball of fused rocks. For the duration of its cool- 
ing from 2000° to 200" centigrade, the experiments of Bishop 
upon basalt show that about 350 millions of years would bo 
necessary. And with regard to the time during which the first 
nebulous mass condensed into our planetary system, our mos* 
daring eonjeeturea must cease. The history of man, there 
fore, is but a short ripple in the ocean of time. For a much 
longer series of years than that during which man has already 
occupied this world, the existence of the present state of in- 
organic nature favourable to the duration of man seems to be 
secured, so that for ourselves and for long generations after 
us, we have nothing to fear. But the same forces of air and 
water, and of the volcanic interior, which produced former 
geological revolutions, and buried one series of living forms 
»fter another, act etiU upon the earth's crust. Tliey more 
probably will bring about the last day of the human race than 
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tliose distant cosmical alterations of wMch we have apoken, 
and perhaps force lis to make way for new and more com- 
plete living forms, as the lizards and tie mammoth have 
given place to ns and onir fellow-creatures which now esist. 

Thtia the thread which waa spun in darkness by those 
w!io sought a perpetual motion has condacted ua to a univer- 
sal law of nature, which radiates light into the distant nights 
of the hegiiming and of the end of the history of the universe. 
To our own race it peraiits a long but not an endless exist- 
ence ; it threatens it with a day of jndgment, the dawn of 
which is BtiU happily obscured. As each of ua singly must 
endure the thought of his death, the race must endure the 
same. But above the forms of life gone by, the human race 
has higher moral problems before it, the bearer of which it is, 
and in the completion of which it fulfils its destiny. 
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JcLiDS EoEEET MiTBE wsa boin at neilbronn, Norember 35, 1S14. He 
received a medical cdDcotion, and became first, oouutj wounJ-phjjdiaau aud 
nfterwards citj pli jaiclan of Hdlbroim, But few partjcukra of Siia life Imva 
been obtained. In 1840 he made a vojage on a Dutch frdghter h> Java, 
and it waa the aeddent of bleeding a feverish patient in this cmintiy, and 
obaerving that the venons blood in. the tropiia waa of a much brightfip red 
than in colder latitudes, that led him to those investigationa of natural 
follies, the chief results of which are ^ven in the following essays. Two 
years after hia attention was dnum to the subject — in 1843, he published 
his £rat paper on the " Forces of Inorganio Nature." It was put together 
bneflj, and pnblished in Uebig's joumnl to secure the public recognition of 
his ohumB. His second publication, " On Oi^anic Uolion and Nutrition " 
(1845), an able essaj of one hundred and twelve pages, is not yet translaied. 
His third paper, on "Celestial Djnamica," wf^ published in 1848 ; and hia 
fourth, on the "Mechanical Equivalent of Heal," appeared in 1861. 

These vast and rapid labors were Iflo mucli fbr his strenglh. Wis ove> 
tasked mhid gave way, aud he was taten to an insane osjlum. Be, how- 
ever, fortuuately recovered, and ia now reported as occupied with the cutli- 
vadon of the viae in Heilbronn. 
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THE KmOES OP INOEGANIO NATURii 



THE following pages are designed as an attempt to ai. 
swer the questiona, What aj-e we to understand 'i.>; 
"Forces"? and how are different fciues related to each othej^? 
Whereas the tena matter Implies the possession, by the ohject 
to which it is applied, of very deflnito properties, euch as 
Wi',ih£ and ext«iisioE; the term force conveys for the mos! 
par., iiie idea of something unknown, unaearchahle, and hypo- 
thetica!. An attempt to render the notion of force equally 
sxact 'with that of matter, and so to denote by it only objects 
of actual iuvestigatioa, is one which, with the consequences 
that Sow from it, ought not tc be unwelcome to those who 
desire that their views of natura may he clear and unencum- 
bered by hypotJtoses. 

Forces are causes: accordingly, we may in relation to 
them mate full applicatjoo. of the pnn yle — causa cequat ef- 
featv/m. If the cause c has the efiect e, then o=e; if, in its 
turn, e is tlie cause of a second effeci. *> wa have -i -—f, and so 
on; c— e:^/. .,=c. la a cham of causes and effects, a 
term or a part of a term can ne^ er, as plainly appears from 
the nature of an equation, become equal to nothing. This 
first property of all causes we caU their indehtructihility. 

If the given cause o has produced an effect e equal to if^ 
self, it has in that very act ceased to be : c has become e; if, 
after the production of e, c still remained in whole or in part, 
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there must be still fiu'thcr effects coiresponcliiig to tils re 
mainmg cause ; the total effect of c would thua be >e, which 
would be contrary to the suppositiou e=e. Accordingly, 
&ince c becomes e anl e becomes/, &c., we must regard these 
Yd o s mag iitudos as differeat forma under whicli one and 
the same obicct males its appcaraacc. This capability of 
a a m ng var ous forms is the second essential property of all 
ca =! s Taking both properties together, WO may say, causes 
are (quantitatively) indeabructihle and (qaalitatively) convert- 
ible objects. 

Two elassea of cauaos occur in nature, which, so far as 
expeiience goes, never pass one into another. The first class 
consists of such causes as possess the properties of weight 
and impenetrability ; tkose are kinds of Matter : the other 
class is made up of causes which are wanting in the proper- 
lies just mentioned, namely Forces, called also Imponderar 
bles, from the negative property that has been indicated. 
Forces io?e therefore mdestrudible, eonvertibh, imponder<Ale 
oljects. 

We will in the first instance take matter, to afford us an 
example of causes and effects. Explosive gas, H-|-0, and 
water, HO, are related to eacli other as cause and effect, 
therefore H+0=IIO. Entif H+0 becomes HO, heat, ml., 
makes its appearance as well as water ; this heat must like- 
wise Lave a cause, x, and we have therefore II+0+>;=HO 
-\-cal. It might, however, be asked whether H-|-0 is really 
=^H0, BJidx^^cal., and not perhaps H+0— cai., anda;;:^HO, 
whence the above equation could equally be deduced ; and so 
in many other cases. The phlogistic chemists recognized the 
equation between col. and x, or rhlogiston as they called it, 
and in so doing made a great step in advance ; but they in- 
volved themselves again in a system of mistakes by putting — a 
in place of ; thus, for instance, they obtained H=:HO+»!. 

Chemistry, whose problem it is to set forth in equations 
the causal connection existii g between the different Idnda of 
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matter, teaches us tliat matter, as a cause, lias matter for its 
effect ; but we are equally justified in sajing tliat to force aa 
cause, corresponds force as effect. Since c=e, aud e~c, it 
is ramattiral to call cue term of an equation a force, and the 
other an effect of force or phenomenon, and to attach differ- 
ent notions to the espressions Force and Phenomenon. In 
brief, then, if the cause is matter, the effect is matter ; if the 
cause is a force, the effect is also a force. 

A cause which brings about the raising of a weight is a 
force ; its effect (the raised weight) is, accordingly, equally a 
force; or, expressing this relation in a more general form, 
separation in space of ponderable objects is a force; since thia 
force causes the fall of bodies, we call it failing force. Fall- 
ing force and fall, or, more generally still, falling force and 
motion, are forces which are related to each other as cause 
and effect — forces which are convertible one into the other — 
two different forms of one and the same object. For exam- 
ple, a weight resting on the ground is not a force ; it is neither 
the cause of motion, nor of the lifting of another weight ; it 
becomes so, however, in proportion as it is raised above the 
ground : the cause — the diistance between a weight and the 
earth — and the effect — the quantify of moiion produced — Ijcat 
-o each other, as we leam bom. meclianies, a constant rela- 

Gravity being regarded as the cause of the falling of bod- 
ies, a gravitating force is spoken of, and so the notions ot 
property and of force are confounded with each other : pre- 
cisely that whicli is the essential attribute of every force — 
the wnion of indestructibility with convertibility — is wanting 
in every property : between a property and a force between 
^avity and motion, it is therefore imposslbl t taW h tli 
equation required for a rightly-conceived c 1 lati If 

gravity be called a tbrce, a cause is suppos d wh h p d 
effects wilhoat itself diminishing, and inc rre t n ept ns 
of the causal conneciions of things are th by f st d In 
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order that a body may fall, it is no less necessary that it 
sLould be lifted up, than that it should be hcayy or possess 
gravity ; the fall of bodies ought not therefore to be ascribe*! 
to their gravity alone. 

It is the problem of Mechanics to develop the equations 
which subsist between falling force and rootioa, motion and 
falling force, and between different motions : here we will call 
t« mind only one point. The magnitude of the falling force 
V is directly proportional (the earth's radius being assunied= 
00 ) to the magnitiide of the mass wi, and tlic lieight d! to 
wbieh it is raised; that is, v:=nid. If tlie height d:=l, to 
which tlie mass m ia raised, is transformed into the final ve- 
locity c=l of this mass, we have also v—mc; but from the 
known relations existing between d and c, it results that, for 
other values of d or of c, the measure of the force v is me' ; 
accordingly v—md—mc" : the law of the conservation of vis 
vima is thus found to be based on tlie general law of the indo 
strnctibility of causes. 

In numberless cases we see motion cease without having 
caused another motion or thi! lifting of a weight ; but a force 
once in existence cannot bo annihilated, it can only change its 
form ; and the question therefore arises, What other forms is 
force, which wo have become acqiuainted with as falling force 
and motion, capable of assuming? Experience alone can 
lead us to a conclusion on this point. In order to experi- 
ment with advantage, we must select implements which, be- 
sides causing a real cessation of motion, are as little as possi- 
ble altered hy the objects to be examined. If, for example, 
we rub together two metal plates, we see motion disappear, 
and heat, on the other hand, mate its appearance, and we 
have now only to ask whether motion is the cause of heat. 
In order to come to a decision on this point, we must discuss 
file question whether, in tlie numberless cases in which the 
expenditure of motion is accompanied by the appearance of 
Ueat, the motion has not some other eifect than tlie pro- 
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duction of heat, and the heat eome other cause than the 
motion. 

An attempt to ascertain the effects of ceasing motion haa 
never yet been seriously made ; without, therefore, wishing to 
exclude d priori the hypothesis which it may be possible to 
set up, we observe only that, as a rule, lliis effect cannot be 
supposed to be an alteration in the state of aggregation of the 
moved (that is, ruhhing, &c.) bodies. If we aasame that a 
eerfaiE quantity of motion v is expended in tlie conversion of 
a rubbing substance m into ra, we must then have m+u=», 
and n^m-{-v ; and wlien n is reconverted into m, v must ap- 
pear again in some form or other. By the friciioE of two 
metallic plates continued for a very long time, wo can grad- 
ually cause the cessation of an immense quantity of move- 
ment; but would it ever occur to us to look for even tho 
smallest trace of the force which haa disappeared in the me- 
tallic dust that we could collect, and to try to regain it thence ? 
We repeat, tlie motion cannot have been annihilated ; and 
contrary, or positive and negative, motions cannot be regarded 
as ;=0, any more than contrary motions can come out of 
nothing, or a weight can raise itself. 

Without the recognition of a causal connection between 
motion and heat, it is just as difBoult to explain the produc- 
tion of heat as it is to give any account of the motion that 
disappears. The Leat cannot be derived fiwm the diminution 
of the volume of tho rubbing substances. It is weU known 
that two pieces of ice may be melted by rubbing them to- 
gether in vacuo ; hut let any one try fo convert ice into water 
by pressure,* however cuoi-mous. Wafer undergoes, as waa 

" Since the original publication of this paper, Fcof. W. Thomson haa 
Bhown that pressure has a sensible effect in liquof jmg ice ( Cmtf. Phil. Mas. 
S. 3, vol. suvii. p. 123); but the eiperimenfa of Bunsen and of HopWna 
bare shown that the melljng-poinis of bodies which expand on becomiug 
liquid are raised by pressure, whidi is all that Mayer's argument requires. — 
Q. C. F. 
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found by the author, a rise of temperature wlion violently 
shaken. Tte water so heated (from 12° to 13° C.) has a 
greater bulk afler being shaken than it had before ; ■whenw 
now comes this quantity of heat, which by repeated shaking 
may be called into existence in the same apparatus as often 
as we please ? The vibratory hypothesis of heat is an ap- 
proach toward the doctrine of heat being the effect of mo- 
lion, bnt it does not favour the admission of this causal rela» 
tion in its full generality ; it rather lays the chief stress on 
uneasy oscillations (unhehaglicke Sehmngungen). 

If it be now considered as established that in many cases 
{exceptio confirmat regidani) no other effect of motion can be 
traced except heat, and that no other cause than motion can 
be found for the heat that is prodnced, we prefer the assump- 
tion that heat proceeds from motion, to the assumption of a 
cause without effect and of an effect without a cause — juat as 
the chemist, instead of allowing oxygen and hydrogen to dis- 
appear withont further investigation, and water to be pro- 
duced in some inexplicable roanaer, establishes a connection 
between oxygen and hydrogen on the one hand and water on 
the other. 

The natural connection existing between failing force, mo- 
tion, and heat may be conceived of as follows ; We know that 
heat makes its appearance when the separate particles of a 
body approach nearer to each other ; condensation produces 
heat. And what applies to the smallest particles of matter, 
and the smallest iutervala between them, must also apply to 
large masses and to measurable distances. The falling of a 
weight is a diminution of the bulk of the earth, and must 
therefore without doubt be related to the quantity of heat 
thereby developed ; this quantity of beat must be proportional 
to the greatness of the weight and its distance from the 
ground. From tliis point of view we are very easily lad to 
the equations between falling force, motion, and heat, that 
have already been discussed. 
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Eiit just as litHe as the connoetion between falling force 
ftnd motioa authorizes the conclusion that the essence of fall- 
ing force is motion, can such a conclusion be adopted in the 
case of heat. We ace, on the contrary, rather inclined to 
infer that, before it can become heat, motion — whether sim- 
ple,-or vibratory as in the case of light and radiant heat, &e. 
— mast eease to exist as motion. 

If falling force and motioa are equivalent to heat, heat 
must also naturally be equivalent to motion and falling force. 
Just as heat appears aa an ej/eoi of the diminution of bulk and 
of the cessation of motion, so also does heat disappear as a 
cause when its effects are produced in the shape of motion, 
espanaion, or raising of weight. 

In water-miUa, the continual dirainntion in hvlk which the 
earth undergoes, owing to the fall of the water, gives rise to 
motion, which afterwards disappears again, calling forth, un- 
ceasingly a great quantity of heat ; and inversely, the steam- 
engine serves to decompose heat again into motion or the 
raising of weights. A locomotive engine with its train may 
])e compared to a distilling apparatus ; the beat applied under 
the boiler passes off as motion, and this is deposited again as 
boat at the axles of the wheels. 

We will close our disquisition, the propositions of which 
have resulted as necessary consequences from the principle 
•' causa aiquat effectum," and which are in accordance with 
all the phenomena of Nature, with a practical deduction. 
The solution of the equations subsisting between f allin g force 
and motion requires that the apace fallen through in a given 
time, e. g. iha first ascond, should be experimentally deter- 
mined ; in like manner, tlie solution of the equations subsist- 
ing between falling force and motion on the one hand and 
Leat on the other, requires an answer to the question, How 
great is the quantity of heat which corresponds to a given 
quantity of motion or falling force? For instance, we must 
ascertain how high a given weight requires to be raised above 
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the groTuid in order that its falling force may be equivalent to 
the raising of the temperature of an equal weight of water 
from 0° to 1" C. The attempt to ahow that such an equa- 
tion is the expression of a physical truth may be regarded aa 
the substance of tlio foregoing remarks, 

By applying the principles that have been set forth to the 
relations subsisting between the temperature and the volume 
of gases, we find that the sinking of a mercury column by 
which ft gas is compressed is equivalent to the quantity of 
heat set free by the compression ; and hence it follows, the 
ratio between the capacity for heat of air under constant pres- 
sure and its capacity under constant volume being taken as 
= 1-421, tFiat the warming of a given weight of water from 
0" to 1° C. corresponds to the fall of an equal weight from 
the height of about 365 metres.* If we compare with this 
result the working of our best steam-engines, we see how 
small a part only of the heat appUed under the boiler is i-eally 
transformed into motion or the raising of weights ; and this 
may serve as justification for the attempts at the profitable 
production of motion by some other method than the expeudi- 
ture of the chemical difference between carbon and oxygen — 
more particularly by the transformation into motion of elec- 
tricity obtained by chemical means. 

* When tlie corrected spcdSc heat of aic is introduoed into the Cfilou- 
lalion thia namber is increased, and agrees then nith Ihe eipenmental de- 
termiaations of Mr. Jcnile. 
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1.— IKTEODFCTION. 

EVERT ineandeseent and luminous body diminishes in 
temperature and Injninosity in the samo degree as it 
radiates ligbt and heat, and at last, provided its loss be not 
repaired &om some other source of these agencies, becomes 
coZd and non-luminoos. 

For light, like sound, consistB of vibrations which are 
oommunicated by the luminous or sounding body to a sur- 
rounding me hum It is perfectly clear that a body can only 
excite snch vihratitns m another substance when its own par- 
ticles imder^o a sinular movement ; for there is no cause for 
undulatory mot )n when a body is in a state of rest, or in a 
Btat« of equihlimm vnih the medium by which it is sur- 
ronnded K a bell or a string is to he sounded, an external 
force must I e apphed and tbis is the cause of the sound. 

If the V b atory mttion of a string could take place with- 
out any resista,nce, it would vibrate for all time ; but in this 
case no sound could be produced, because sound is essentially 
the propagation of motion ; and in the same degree as the 
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etring communicatea iis idbratioiis to the surrounding and re 
sisting nicdinm its own motion becomes weaker and weaker, 
until at laat it sinks into a state of rest. 

Tte aim has often and appropriately been compared to an 
incessantly sounding beU. But by wKat means is the power 
of thia body kept up in undiminished force so as to enable 
him to send forth his rays into the universe in such a graml 
and magnificent manner? What are the causes which coun- 
teract or prevent his eshauafion, and thus save the planetary 
system from darkness and deadly cold ? 

Some endeayonred to approach " the grand secret," as 
Sir Wm. Herachel calls this question, by the assnmption that 
the rays of the- sun, being thomselyos perfectly cold, merely 
cauae the " substance " of heat, supposed to be contained in 
bodies, to pass from a state of rest into a state of motion, and 
that in order to send forth such cold raya the sua need not be 
a hot body, so that, in apite of the infinite development of 
light, the cooling of the sun was a matter not to be thought of. 

It is plain that nothing is gained by such an explanation ; 
for, not to spealc of the hypothetical " substance" of heat, 
assumed to be at one time at rest and at another time in mo- 
tion, now cold and then hot, it is a well-founded fact that the 
sun does not radiate a cold phosphorescent light, hut a light 
capable of warming bodies intensely ; and to. ascribe such 
rays to a cold body is at once at variance with reason and 
experience. 

Of course such and similar hypotheses could not satisfy 
the demands of exact science, and I will therefore try fo ex- 
plain in a more satisfactory manner than has been done np 
to this lime the connexion between the sun's radiation and ita 
cfiects. In doing so, I have to claim tlie indulgence of scien- 
tific men, who are acquainted with Uie difiieulties of my task. 
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I. -SOURCES OF UEAT. 



Eefokb we turn our attention to tlie special subject of 
tLis paper, it will bo necessary to consider the means by 
which light and heat are produced. Heat may be obtained 
from very different somcea. Combustion, fermentafion, pu- 
trefaction, slaking of lime, the decomposition of chloride of 
nitrogen and of gun-cotton, &c. &c., are all of them sources 
of heat. The electric spark, the voltaic current, fnclion, per- 
cussion, and the vital processes are also accompanied by fie 
evolution of this agent. 

A general law of nature, which knows of no exception, 
is the following : — ^In order to obtain heat, something must 
be expended; this something, however different it may be in 
other respects, can always be referred to one of two catego- 
ries : either it consists of some material expended in a chem- 
ical process, or of some sort of mcehaaical work. 

"Wlien substances endowed with considerable chemical af- 
finity for each other combine chemically, much beat is devel- 
oped during the process. We shall estiraaf« the quantity of 
heat thna set free by the number of kilogrammes of water 
which it would teat 1° C. The quantity of heat necessary 
to raise one kilogramme of water one degree is called a nnit 
of heat. 

It has been establiahod by aumerous experiments that the 
combustion of one kilogramme of dry charcoal in oxygen, so 
as to form carbonic acid, yields 7200 units of heat, which fact 
may be briefly expressed by saying that charcoal furnishes 
7200° degrees of beat. 

Superior coal yields 6000°, perfectly dry wood from 3300'^ 
to 3900% sulphur 2700, and hydrogen 34,600° of heat. 

According to experience, the number of units of heat only 
depends on the quantity of matter which is consumed, and 
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uot Oil the conditions under which the burning takes place. 
The same amonnt of heat is given out wliether the combus- 
tion proceeds slowly or quickly, in atmospheric air or in pure 
oxygen gas. If in one case a metal be burnt in air and the 
amount of heat directly measured, and ia another instance 
the same quantity of metal be oxidized in a galyanic battery, 
the heat being devej .jjod in some other plii? — say, the wire 
whidi conducts the current, — m both of Hi: jB experiments 
fhe same quantity of heat will be observed. 

The same law also holds good for the production of heat 
by mechanical means. The amooQt of heat obtained is only 
■ dependent on the quantity of power consumed, and is quite 
independent of the manner in which tHs power has been ex- 
pended. If, therefore, the amount of heat which is produced 
by certain mechanical work is known, the quantity which 
will be obtained by any other amount of mechanical work 
can easily be found by calculation. It is of no consequence 
whether this work consists in the compression, percussion, or 
friction of bodies. 

The amount of mechanical work done by a force may be 
expressed by a weight, and the height to which this weight 
would be raised by the same force. The mathematical ex- 
pression for " work done," that is to say, a measure for this 
work, is obtained by multiplying the height expressed in feet 
or other units by the number of pounds or kilogrammes lifted 
to this height. 

We shall take one kilogramme as the unit of weight, and 
one metre as the unit of height, and we thus obtaia Uiq 
weight of one kilogramme raised to the height of one metro 
as a unit measure of mechanical work performed, Tliis 
measure we shall call a kilogranamotre, and adopt for it the 
symbol Km. 

Mochanicai work may likewise be measured by the velo 
city obtained by a given weight in passing from a state of rest 
into that of motion. The work done ia then expressed by 
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the product obtaiaed by tlie multiplication of the weight by 
Uie Bquare of its Telocity. The firat method, howeTcr, be- 
cause it is the more convenieat, is tJic one ustially adopted ; 
and the numbers obtained thereirom may easily be expressed 
in other units. 

The product resulting frtm the multiplication of the num- 
ber of units of weight and measures of height, or, as it ia 
called, the product of mass and height, as well as the pro- 
duct of the mass and the square of its yelocily, are called "i«s 
viva of motion," " mecbanical effect," dynamical effect," 
" work done," " quantum de travail" &e. &c. 

The amount of mechanical work necessary for the heating 
of 1 kilogramme of -water 1° C has been determined by ex- 
periment to be = 367 Exu ; therefore Km = 0-00273 unifa 
of heat.* 

A mass which has fallen through a height of 367 metres 
possesses a velocity of 84'8 metres ia one second ; a mass, 
therefore, moving with this velocity originates 1" C. of heat 
when its motion is lost 1 y percussion, friction, &c. If the 
e two or thiLC times as great, 4° or 9° of heat will 
Generally epealijug, when the velocity is c 
metres, fhe corresponding development of heat will be ex- 
pressed by the formula 

000139 = Xe". 

* Thia essay wsa publialied in 1845. AtUiat time dalaEoclie and 
Berard's determination of the Bpccifle heat of eic was generally accepted, 
ir the phyaioal oonstanta used hy Mayer be corrooted according t* the re- 
Bulta of more recent inTestigation, tlie mechaiucal eiluiyalent of heat ia 
found to bo 'I'll't foo^pounda. Mr. Joule finds it ■= 'i'12 fool-poiinda,— 
Ta. 
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HI.— MEASUEE OF THE SUN'S HEAT. 

The actinometer is an instrnment invented by Sir Jolin 
Herachcl for the purpose of measuring the heating cfFfeci 
produced by the sun's rays. It is essentially a thermometer 
with a large cylindrical bulb filled with a blue liquid, which 
is acted upon by the sun's rays, and the expansion of which 
is measured by a graduated scale. 

From observations made wilh this instrnment, Sir John 
Herscliel calculates the amount of heat received from the sun 
to be sufficient to melt annually at the surface of the globe a 
crust of ice 29'2 metres in thickness. 

Pouillet has recently shown by some careful experiments 
with tbe lens pyrheliomefer, an instrument invented by him- 
self, that every square centimetre of the surface of our globe 
receives, on an average, in one minute an amount of solar 
heat which woold raise the temperature of one gramme of 
waf«r 0'4408°. Not much more than one-half of this quan- 
tity of heat, however, reaches the solid surface of our globe, 
since a considerable portion of it is absorbed by our atmo- 
Bpbere. The layer of ice which, according to PouiUet, could 
be melted by the solar heat which yearly reaches our globe 
would have a thickness of 30-89 metres. 

A square metre of our earth's surface receives, therefore, 
according to PouiUot's results, which we shall adopt in the 
following pages, on an average in one minute i'408 units of 
heat. The whole surface of the earth is = 9,260,500 geo- 
graphical square miles* ; consequently the earth receives in 
one minute 2247 billions of units of heat from the stm. 

In order to obtain smaller numbers, we shall call the 
quantity of heat necessary to raise a cubic mile of water 1° 

* Tlio gcograpMcal milo = "1^20 inctrita, anQ one English mile == 1608 
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C. in temperatuTO, a cubic mile o£ heat. Since one cubic 
mile of water weighs 408'54 biHiona of kilogrammes, a cubic 
mile of heat contains 408-54 billions of units of heat. The 
effect produced by the rays of the sun on the surface of the 
earth in one minute is therefore 5-5 cubic miles of heat. 

Let us imagine the sun to be surrounded by a hollow 
sphere whose radius is equal to the mean distance of the 
earth from the sun, or 20,589,000 geographical miles ; the 
surface of this sphere would be equal to 5336 hiUiona of 
square miles. The siu^ce obtained by the intersection of 
this hoUow sphere and our globe, or the base of the cone of 
solar light which reaches our earth, stands to the whole sm'- 
face of this hollow sphere as '-^ : 5326 billions, or as 1 to 
2800 milKona, This is the ratio of the heat received by 
OUT globe to the whole amount of heat sent forth from the 
sun, whicli latter in one minute amounts to 12,650 milKona 
of cubic miles of heat. 

This amazing radiation ought, unless tlie loss is by some 
means made good, to cool considerably even a body of the 
Biagnitude of the sun. 

If we asswmc the sun to be endowed with the same capa- 
city for heat as a mass of water of the same volume, and its 
loss of heat by radiation to affect Tmifornily its whole mass, 
the tempcratiu-e of the sun ought to decrease 1°'8 C. yearly, 
and for the historic time of 5000 years this loss would conse- 
quently amount to 9000° C. 

A uniform cooling of the whole of the sun's huge mass 
cannot, however, take place ; on the contrary, if the radiation 
were to occur at the expense of a given store of heat or ra- 
diant power, the sun would become covered in a short space 
of time with a cold cri^t, whereby radiation would be brought 
to an end. Considering the continued activity of the sun 
through countless centuries, we may assume with mathemati- 
cal certainty the existence of some compensating influence to 
make good its e 
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Is this restoring agency a chemical process? 

If such were the caac, the most fiivoui'able assumption 
would be to suppose ihe whole mass of the suu to be one 
lump of coal, the combustion of every kilogi'amme of which 
produces 6000 units of heat. Then the sun would only ha 
able to sustain for forty-six centuries its present expenditure 
of light and heat, not to mention the oxygen necessary to 
keep up such an immense combustion, and other unfavourable 
eircumstajices. 

The revolution of the sun on his axis has been suggested 
as the cause of his radiating energy. A closer exmoiuation 
proves this hypothesis also to be untenable. 

Rapid rotation, without friction or resistance, cannot in 
itself alone be regarded as a cause of light and heat, espe- 
cially as the sun is in no way to be distin^ishod from, the 
other bodies of our system by velocity of axial rotation. The 
sun turns on his axis in about twenty-flve days, and his diam- 
eter is nearly 112 times as great as that of the earth, from 
which it follows that a point on tl\e solar equator travels but 
a little more than four times as quickly as a point on the 
earth's equator. The largest planet of the solar system, 
whose diameter ia about ijth that of the sun, turns on its axis 
in less than ten hours ; a point on its equator revolves about 
six times quicker than one on the solar equator. The outer 
ring of Saturn exceeds the sun's equator more than ten times 
in velocity of rotation. Nevertheless no generation of light 
or heat is observed on our globe, on Jupiter, or on the ring 
of Saturn. 

It might be thought that friction, though undeveloped in 
the case of the other celestial bodies, might be engendered by 
the sun's rotation, and that such friction might generate enor- 
mous quantities of heat. But for the production of iriction 
two bodies, at least, are always necessary which are in imme- 
diate contact with one another, and which move with differ- 
ent velocities or in different directions. Friction, moreover 
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has a tendeacy to produce equal motiou of the two rubbing 
bodies ; and when this is attained, tte generatioit of heat 
ceases. If now the sun be the one moving body, where is 
tbe other? and if the second body exist, what power prevents 
it from assuming the same rotary motion as the sun? 

But could even these difSculties be disregarded, a weight- 
ier and more formidable obstacle opposes this hypothesis. 
The known volume and mass of the sun allow us to calculate 
the vis vvua which he possesses in eonsequenee of his rotation. 
Assuming his density to be uniform lliroughout his mass, and 
his period of rotation twenty-five days, it is equal to 182,300 
quintiUions of kilogrammetres (Km). But ibr one unit of 
heat generated, 367 Km are consumed; consequently the 
whole rotation-effect of the sitn could only cover the expendi- 
ture of heat for the space of 183 years. 

The space of our solar system is filled with a great num- 
ber of ponderable objects, which have a tendency fo move 
towards the centre of gravity of the sun ; and in so doing, 
their rate of motion is more and more accelerated. 

A mass, without motion, placed within tiie sphere of the 
sun's attraction, will obey this attraction, and, if there be no 
disturbing influences, vriJl fall iu a straight line into the sun. 
In reality, however, sitch a recdliuear path can scarcely occur, 
as may be shown by experiment. 

Let a weight be suspended by a string so that it can only 
touch the floor in one point. Inft the weight np to a certain 
height, and at the same time stretch the string out to its full 
length ; if the weight be now aUowed to fall, it wifl be ob- 
served, almost in every ease, not to reach at once the point on 
the floor towards which it i«nda to move, but to move round 
this point for some time in a curved line. 

The reason of this phenomenon is that the slightest dovia- 
•jon of the weight from Its shortest route towards the point 
on the floor, caused by some disturbing influence snch as the 
resistance of the air against a not perfectly uniform surface, 
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will maiatain itself as long as motioa lasts. It is uevcrthe* 
less possible for the weight to move at once to the point ; the 
probability of its doing so, however, becomes the lees as the 
height from which it is allowed to drop inereases, or the string, 
by means of which it is suspended, is lengthened. 

Similar laws influence the movements of bodies in the 
space of the solar system. The height of the fall is hero 
represented by the original distance from the sim at which the 
body begins to move ; the length of the string by the sun's 
attraction, which increases when the distance decreases ; and 
the small sarfaco of contact on the floor by the area of the 
sccHon of the sun's sphere. If now a cosmieal mass within 
the physical limits of the sun's sphere of attraction begins ita 
fail towards that heavenly body, it will be disturbed in its 
long path for many centuries, at iirst by the nearest fixed 
stars, and afterwards by the bodies of the solar system. 
Motion of such a mass in a straight line, or its perpendicular 
fall into the sun, would, therefore, under such conditions, bo 
impossible. The observed movement of all planetary bodies 
in closed curves agrees with this. 

"We shall now return to the example of the weight sus- 
pended by a string and oscillating round a point towards 
wliich it is attracted. The diameters of the orbits described 
by this weight are observed to be nearly equal ; contjnued ob- 
servation, however, shows that these diameters gradually di- 
minish in length, so that the weight wiU by degrees approach 
the point in which it can touch the floor. The weight, how- 
ever, touches the floor not in a mathematical point, but in a 
small surface ; as soon, therefore, as the diameter of the curve 
ia which the weight moves is equal to . the diameter of this 
eurfece, the weight will touch the floor. This final contact is 
HO accidental or improbable event, but a nceessary phenome- 
non caused by the resistance which the osedlating mass con- 
Blantly suffers from the air and friction. If all resistance 
eould be annihilated, the motion of the weight would of course 
Mntinue m eoaal os''''" "''""«. 
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The same law tolds good for eolestial bodies. 

The movements of celestial todiea in an absolute vacuum 
would be as tmiform as those of a matliematical pendulum, 
whereaa a resisting medium pervading aU space -would cause 
the planets to move in shorter and shorter orbits, and at last 
to faU info the sun. 

Assuming such a resisting medium, these wandering ce- 
lestial bodies must have oa the periphery of the solar system 
their cradle, and in its centre their grave ; aJid however long 
the duration, and however great tbe number of their revolu- 
tions may ba, as many masses will on the average in a cer- 
tain time arrive at the sun as formerly in a lilie period of 
time caoie within his sphere of attraction. 

All these bodies plange with a violent impetus into their 
common grave. Since no cause exists without an effect, each 
of these cosmical masses wUI, lite a weight falling to the 
eartii, produce by its percussion an amount of beat propor- 
tional to its vis viva. 

IVom the idea of a sua wtose attraction acts throughout 
space, of ponderable bodies scattered tiiroughout the universe, 
and of a resisting lether, another idea necessarily follows — 
that, namely, of a continual and inexhaustible generation of 
heat on the central body of this cosmical system. 

Whether such a conception be realized in our solar system 
— ^whether, in other words, the wonderful and permanent evo- 
lution of light and heat be caused by the uninterrupted faU 
of cosmical matter into the sun — will now he more closely 
examined. 

The esistence of matter in a primordial condition ( Urma- 
terie), moving about in the universe, and assumed to follow 
the attraction of the nearest stellar system, will scarcely bo 
denied by astronomers and physicists ; for the richness of 
surrounding nature, as well as the aspect of the starry heav- 
ens, prevents tho belief that tbc wide space which separates 
oui' solar system from tho regions governed by the other fiscd 
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stars is a vacant solitude dustituti, of mattei We sha 
leave, however, all siipposificn's coQcemmg subjects to distant 
from us both in time and spaLe, and conhni, our attention ex 
dnsivcly to what may be leamt from the observation of the 
esiating state of things. 

Beeidea the fourteen known planets with their eighteen 
satellites, a great many other cosmical miiisc? move within 
the Bpaee of the planetary sjstem, of whuh the comets de- 
serve to be mentioned first. 

Kepler's celebrated statement that " there are more com- 
ets in the heavens than flsh in the ocean," is founded on the 
fact that, of all the comets belonging to onr solar system, 
comparatively few can be seen by the inhabitants of the earth, 
and therefore the not inconsiderable nnmbcr of actually ob- 
served comets obliges us, according to the roles of the calcu- 
lus of probabilities, to assume the existence of a great many 
more beyond the sphere of our vision. 

Besides planets, satellites, and comets, another class ot 
celestial bodies exists within our solar system. These are 
masses which, on account of their smaDness, may be consid- 
ered as oosmica] atoms, and which Arago hae appropriately 
called asteroids. They, like the planets and the comets, are 
governed by gravity, and move in elliptical orbits round the 
sun. When accident brings them into the immediate neigh- 
bourhood of the earth, they produce the phenomena of shoot- 
ing-stars and fireballs. 

It has beoa shown by repeated observation, that on a 
bright night twenty minutes seldom elapse without a shooting- 
Btar being visible to an observer in any sitnation. At certain 
times these meteors arc observed in astonishingly great nnm- 
uers ; during the meteoric shower at Boston, which lasted 
nine hours, when they were said to fall " crowded together 
like snow-flakes," they were estimated as at least 240,000. 
On the whole, the number of asteroids which come near the 
earth in the space of a year must be computed to be many 
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thousands of imllione, Tbia, without doubt, is only a siriail 
fraction of the number of asteroids that move rouud the sun, 
which number, according to the rules of the ealculas of prob- 
abilities, approaches the infinite. 

As has been already stated, on the existence of a resiating 
sether it depends whether the celestial bodies, the planets, the 
couMts, and the aateroida move at constant meaa distances 
round the sun, or whether they are constantly approaehiog 
that central body. 

Scientific men do not doubt the existence of such aa tother. 
Littrow, amongst otters, expresses himself oa this point as 
follows : — " The assumption that the planets and tlie cometa 
move in an absolute vacuum can in no way be adimlf«d. 
Even if the space between celestial bodies contained no other 
matter than that necessary for the existence of Hght (whether 
light be considered as emission of matter or the undulations 
of a universal tether), this alone is snffident to alter tlie mo- 
tion of the planets in the course of time and tlie arrangement 
of the whole system itself; the fall of all the planets and the 
comets into the sua and tlie destruction of (he present state 
of the solar system must be the final results of this action." 

A direct proof of the existence of such a resiating medium 
has been furnished by tlie academician Encke. He found 
that the comet named after him, which revolves round the 
sun in the short space of 1207 days, shows a regular acceler- 
ation of its motion, in consequence of which the time of each 
revolution is shortened by about sis hours. 

From the great density and magnitude of the planets, the 
shortening of the diameters of their orbits proceeds, as might 
be expected, very slowly, and is up to the present time inap- 
preciable. The smaller the cosmical masses are, on the con- 
trary, other circumstances remaining the same, the faster they 
move towards tbe sun ; it may therefore happen that in a 
space of time wherein the mean distance of the earth from 
tlie sun would diminish one metre, a small asteroid would 
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travel more than one tliousand railes towards tlio cijntral 

As cosmical masses stream from all sides in iroraense 
niunbers towards the eua, it follows that they must become 
more and more crowded together as they approach thereto. 
The conjcctnre at once saggesta itself that the zodiacal light, 
the ncbulona light of vast dimensions whieh siorroiuids the 
sun, owes its origiu to such closely-packed ast«roids. How- 
ever it may be, this much is certain, that this phenomenon ia 
caased by matter which moves according to the same laws as 
the planets roiiiicl the Bun, and it conBequently follows ttat 
the whole mass which originates the zodiacal light ia contin- 
naUy approaching the sim and falling into it, 

This light does not enrround the sun uniformly on all 
Bides ; that is to say, it has not the form of a sphere, bat that 
of a thin convex leoe, the greater diameter of which is in the 
plane of the solar equator, and accordingly it has to an ob- 
server on oar globe a pyramidal form. Such lenticular dis- 
tj'ibulion of the masses in the universe is repeated in a re- 
markable maimer in the disposition of the planets and the 
fixed stars. 

From the great number of comotary masses and asteroids 
and the zodiacal light on the one hand, and the existence of a 
resisting tether on the other, it necessarily follows that pon- 
derable matter must continually be arriving on the solar snr- 
faee. Tlie effect produced by these masses evidently depends 
on their final velocity ; and, in order to determine the latter, wo 
shall diseiKE some of the elements of the theory of gravitation. 

The final velocity of a weight attracted by and moving 
towards a celestial body will become greater as the height 
through which the weight falls increases. This velocity, how- 
ever, if it be only produced by the fall, cannot exceed a cer- 
tain magnitude ; it has a maximum, the value of which de- 
pends on the volume and mass of the attracting cel-sstial boily 
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Let r be the radius of a apheriea] and solid celestial body, 
ftnd g ihe Telocity at the end of the first second of a weighi 
falling on the surface of this body ; then the greatest velocitj 
which this weight can obtain by ifa fall towards the celestial 
body, or the Telocity with which it will arriTe at its surface 
after a fall from an infinit* height, is ^2gr in one second. 
Thia number, wherein g and r are expressed in metres, we 
Bhall call G. 

For our globe the Talue of j; is 9-8164 . . and that of / 
6,369,800 ; and consequently on our earth 

G= y(2x9-8164x6,869,800) = 11,183. 

The solar radius ia 112'05 times that of the earth, and the 
velocity produced by graTity on the soo'a surface is 28-36 
times greater than the same velocity on the surface of our 
globe ; the greatest velocity therefore which a body could ob- 
tain itt consequence of the solar attraction, or 

G= 4/(28-36 X 112-05) x 11,183 = 030,400 ; 
that is, this maximum velocity ia equal to 630,400 metres, or 
85 geograpliical miles in one second. 

By tte help of thia constant number, which may be called 
the ehofdcteristic of the solar system, the velocity of a body 
in central motion may easily be determined at any point of ita 
orbit. Let a be the mean distance of tlie planetary body from 
the centre of gravity of the sun, or the greater somidiamcter 
of ita orbit (the radius of the sun being taken as unity) ; and 
let h be the distance of the same body at any point of ils orbit 
from the centre of gravity of the sun ; then the velocity, 
expressed in metres, of the planet at the distance 7i is 



/2a-h 



2a Xi^' 

At the moment the planet comes in contact with tlie solar but 
face, l is equal to 1, and ils velocity is therefore 
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It follows from this formula that the smaller 2a (or th* 
major axis of the orhit of a planetary body) t)ecom.es, the 
less ■will ha its velocity ■when it resiches the san. This velo- 
city, like the major axis, has a minimum ; for so bag as the 
planet moves outside the sun, its major axis cannot be shorter 
than the diameter of the sun, or, taking the solar radius as a 
nnit, the quantity 2a can never be less than 2. The smallest 
velocity with which we can imagine a cosmical body to arrive 
on the surface of the sun is consequently 

or a velocity of 60 geographical miles in one second. 

For this smallest value the orbit of the asteroid is eircu- 
bir ; for a larger value it becomes elliptical, until finally, with 
increasing eccentricity, when the value of 2a approaches in- 
finity, the orbit becomes a parabola. In the last case the 
velocity is 

or, 85 geographical miles in one second. 

If the value of the major axis become negative, or the 
orbit assume the form of a hyperbola, the velocity may in- 
crease without end. But this could only happen when ci 
cal masses ent«r the space of the solar system with a pro- 
jected velocity, or when masses, having missed the sun's s 
face, move into the universe and never return ; hence a 
locity greater than G- can only be regarded as a rare exocp- 
(ion, and we shall therefore only consider velocities comprised 
within the limits of 60 and 80 miles.* 

The final velocity with which a weight moving in a 

* The celatJTe Telocity sJso with which an asteroid reaches the solar 
pui'Kico dependa in some ddgree on the TClodty of the ami's rotation. Tbh, 
however, a3 well as the rotatory cITect of tlio ast^roiJ, is without momenL 
md ma J be neglected. 
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straight line towards the centre of the san arrives at the solar 
3 by the formula 



o-Gx/^ 



wherein c expresses the final velocity in metres, and h the 
original distance from the c«ntro of the sua in terms of aolar 
radius. If this formula be compared with the foregoing, it 
■will be Been that a mass which, aft«r moving in central mo- 
tion, arrives at the sun's surface has the same veJocity aa it 
would possess had. it fallen perpendicularly into the sua from 
a distance* equal to the m^jor axis of ife orbit ; whence it is 
apparent that a planet, on arriving at the sun, moves at least 
as qoickly as a weight which falls fi'eely towards the sun 
from a distance as great as the solar radius, or 96,000 geo- 
graphical miles. 

"What thermal effect corresponds to such velocities? Is 
the effect sufficiently great to play an important pai-t in the 
immense development of heat on the sun? 

This crucial question may be easily answered by help of 
the preceding considerations. According to the foriaala given 
afc the end of Chapter II., the degree of heat generated by 
percussion is 

= 0-000139° Xc% 
where e denotes the velocity of the striking body expressed in 
metres. The velocity of an asteroid when it strites the sun 
measures from 445,750 to 630,400 metres ; the caloric effect 
of the percussion is consequently equal to from 27| to 55 mil- 
lions of degrees of heatl. 

Aa asteroid, therefore, by its fell into the aun dovelopca 

* This distance is to be eoimtfid ftom the cenlre of the eim. 

f Throughout llus menioir the degceea of hcfit ore expressed in the 
Oectigrade scala TJnlesa stated to tho contrary, the measures of length 
are given in geographioal miles. A geographical mile — MSO metres, nnd 
en English mHo =- 1608 metres.— Tr. 
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from i600 to 9200 times as mudi lieat as woultl be generated 
by the combHstioQ of iiu equal mass of coal. 



TV.— ORIGIN OF THE SUN'S HEAT. 

The qnestion why ihc planets move in cm-ved orbits, one 
of the grandest of problems, was solved by Newtoo in con- 
Bcquence, it is Relieved, of bis rafleeting on the fall of an ap- 
ple. This Story is not improbable, for we are on the right 
track for the discovery of truth when once we clearly recog- 
nize that between great and small no qualitative but only a 
quantitative difference exista — when we resist the suggestions 
of an ever active imagination, and looi for the same laws in 
tLe greatest as weU as in the smaJlest processes of nature. 

This universal range is the essence of a law of nature, 
and tlie loudhstone of the correctness of human theories. We 
observe the fall of an apple, and investigate the law which 
governs this phenomenon; for the earth we substitute the 
sun, and for the apple a planet, and thus possess ourselves of 
tlie key to the mechanics of the heavens. 

As the same laws prevail in the greater as well as in the 
smaller processes of nature, Newton's method may be used in 
solving the problem of the origin of the sun's heat. We 
know the connexion between the space through which a body 
falls, the velocity, the vis viva, and the generation of heat on 
the surface of this globe ; if we again substitute foe the earth 
the sun, with a mass 350,000 greater, and for a height of a 
few metres celestial distances, we obtain a generation of heat 
exceeding all terrestrial measures. And since we have sntB- 
dent reason to assume the actual existence of such mechani- 
cal processes in the heavens, we find therein the only tenable 
explanation of the ori^ of the heat of the sim. 
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The fact that the development of heat hy mochanical 
mcauB ou the surface of ohp globe is, as a rule, not so gi'cat, 
and cannot be so gieat as tte generation of the same agent 
by chemical means, as by combustion, follows from the laws 
already discussed ; and this fact cannot be used as aa ai'gu- 
ment against the assumption of a greater development of 
heat by a greater expenditure of mechanical work. It has 
been shown that the heat generated by a weight falling from 
a height of 367 metres is only (jsitli part of the heat pro- 
duced by the combustion of the same weight of coal ; just as 
email is the amount of heat developed by a weight moving 
with the not ineonsiderahle velocity of 85 metres in one sec- 
ond. Bat, according to the laws of mechanics, the effect is 
proporfioaal to the square of the velocity j if therefore the 
weight move 100 times faster, or with a velocity of 8500 
metres in one second, xt will produce a greater effect than tlio 
combustion of an equal quantity of coal. 

It is true that so great a velocity cannot be obtained by 
human moans ; everyday experience, however, shows the de- 
velopment of high degrees of temperature by mechanical 
processes. 

In the common flint and steel, the particles of steel which 
are atnick off are sufficiently heated to bum in air. A few 
blows directed by a skilful blacksmith with a sledge-hammer 
against a piece of cold metal may raise the temperature of 
the metal at the points of collision Jo redness. 

The new cmak of a steamer, whilst being polished by 
friction, becomes red-hot, several buckets of water being re- 
quired to cool it down to its ordiuary temperature. 

"When a railway train passes with even less than its ordi- 
nary velocity along a very sharp curve of the line, sparks are 
observed in consequence of the friction against the rails. 

One of the grandest constructions for the production of 
motion by human art is the channel in which tlie wood was 
allowed to glide down from the steep and lofty sides of Mount 
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Pilatns into the plain below. This ■wooden cliannel wiioli 
was Imilt about thirty years ago by tlie engineer Eupp, waa 
9 Efigliali miles in leagth ; the largest trees were shot down 
it from the top to the bottom of tho mountaia in about two 
minutes and a half. The momentum possessed by the trees 
on their reaping at their journey's end from the channel wae 
sufficieafly great to bnry their thicker ends in the groand to 
the depth of from 6 to 8 metres. To prevent the wood get- 
ting too hot and taking fire, water was conducted in manj 
places into tlie channel. 

This stupendous mechanical process, when compared with 
cosmieal processes on the smi, appears infinitely small. In 
the latt«r ci«e it ia the mass of the sun wliich attracts, and 
in lien of the height of Mount Pilatns we have distances of a 
himdred thousand and more miles ; the amoimt of heat gene- 
rated by cosmieal falls is therefore at least 9 million times 
greater than in our terrestrial example. 

Eays of heat on passing thvongh glass and other transpa- 
rent bodies imdergo partial absorption, which differs in de- 
gree, however, according to the temperature of tlie source 
from which the heat is derived. Heat radiated from som'ces 
less warm than boiling water is almost completely stopped by 
thin plates of glass. As the temperature of a soiu'ce of heat 
increases, its rays pass more copiously through diathernaic 
bodies. A plate of glass, for example, weakens the rays of 
a red-hot substance, even when the latter is placed very close 
to it, much more than it does those emanating at a, much 
greater distance from a -white-hot body. If the quality of 
the aan'a rays be examined in this respect, tlieir diathermic 
energy is fonnd to be far superior to that of all artificial 
sources of heat. The temperature of the focus of a concave 
metallic reflector in which the sun's light has been collected 
is only diminished from one-seventh to one-eighth by the in- 
terposition of a screen of glass. If the same esperiment be 
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made witli an artificial and luminoua source of lieat, it is 
found tliat, though the focus bo very hot wheu the screen ia 
away, the interposition of the latter cuta off nearly all the 
heat ; moreover, the focus will not recover its former temper- 
ature when reflector and screen are placed sufficiently near to 
tlie source of heat to make the focus appear brighter than it 
did in the former position without the glass screen. 

The empiiical law, that the diathermic energy of teat in- 
ereftses willi the temperature of the source from which the 
heat ia radiated, teaches ns that the sun's surface must be 
much totter than the most powerful process of combustion 
could render it. 

Other metlioda fnmish the same conclusion, Jf we ima- 
gine the sun to be aurronnded by a hollow sphere, it ia clear 
that the inner surface of this sphere must receive all the heat 
radiated from the sun. At the distance of our globe from the 
ami, such a sphere would have a radiiia 215 timea as great, 
and an area 46,000 times as large as the sun himself; those 
luminous and calorific raya, therefore, wliicli meet thia spheri- 
cal surface at right angles retain only ^^^th part of their 
original intensity. If it be further considered that our at^ 
mosphere absorbs a part of the solar rays, it is dear that the 
raya which reach tlie tropics of our earth at noonday can 
only possess from spootl* to ^oootli of the power with which 
they starfed. These rays, when gathered from a surface of 
from 5 to 6 square metres, and concentrated ia an area of 
one square centimetre, would produce about the temperattire 
which esista on the arm, a temperature more than sufEcient 
io vaporize platinum, rhodium, and similar metals. 

The radiation calcidated in Chapter HI, likewise proves 
tlie enormous temperature of the solar surface. From the 
determination mentioned dierein, it follows that each square 
centimetre of the sun's surface loses by radiation about 80 
units of heat per minute — aa immense quantity in compart 
ion with ferrcstrial radiations. 
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A coiTuct theory of the origin of the sun's ^hcat must ex- 
plain the cause of such cnonnous temperatures. This expla- 
nation can be deduced from tlie foregoing statements. Ac- 
cording to Pouillet, the temperature at Tvhich bodies appear 
iatensely white-hot is about 1500° C. The heat generated by 
the eombastion of one kilogramme of hydrogen is, as deter- 
mined by Dnlong, 34,500, and according to the more reeetil 
experimenta of Graesi, 34,666 units of heat. One part of 
hydrogen combiaes with eight parts of oxygen to form waiisr ; 
hence one kilogramme of these two gases mised in this ratio 
would produce 3850". 

Let US now compare this heat with the amount of the 
same agent generated hy the fall of an asteroid into the etm. 
Without taking into aceonnt the low specific heat of aach 
masses when compared with that of water, we find the heat 
developed by the asteroid fo be from 7000 io 15,000 times 
greater than that of the oxyhydrogen mixture. From data 
like these, the extraordinary diafhermic energy of the snn's 
rays, the immease radiation from bis surface, and the high 
tempoi-atnre in the focus of the reflector are easDy accounted 

The facts above mentioned show that, unless we assume 
on the snn tlie existence of matter with unheard of chemical 
propei-lies as a dms ex machind, no chemical process could 
maintain the present high radiation of the sun ; it also fol- 
lows from the above results, that the chemical nature of bo- 
dies which fall into the sun does not ia the least affect our 
conclusions ; the effect produced by the most inflammable 
substance would not differ by one-thousandth part from diat 
residting from the fall of matter possessing but feeble chemi- 
cal affinities. As the brightest artificial light appears dark in 
comparison with the sun's light, so the meclianical processes 
of the heavens throw into the sliade the most powerful chem- 
ical actions. 

The quality of the sun's rays, as dependent on his tcmpei 
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atuTG, is of tlio greatest importance to mankind. If tliu solai 
heat were originated by a chemical process, and amountcci 
near h& source to a temperature of a few thousand degrees, 
it would be possible for the light to reach us, whilst tlio 
greater part of the more important calorific rays would be ab- 
Borbed by the higher strata of our atmosphere and then r^ 
turned to the universe. 

In eonsequenee of the high temperature of the sun, how- 
ever, our atmosphere is highly diathermic to his rays, so tOiat 
the latter reach the surface of our earth and wai'm-it. Tlic 
comparatively low temperature of the terrestrial surface is 
the cause why the heat cannot easily radiate back through the 
atmosphere into the xmiverse. The atmosphere acts, there- 
fore, like an envelope, which is easily pierced by the solar 
rays, but which offers considerable resistance to the radiant 
heat escaping from onr earth ; ite action resembles that of a 
valve which allows liquid to pass freely in one, but stops the 
flow in the opposite direction. 

The action of the atmosphere is of the greatest impor- 
tance as regards climate and meteorological processes. It 
must raise the mean temperature of the earth's surface. Af- 
ter the setting of the sua — in fact, in all places where his 
rays do not reach the surface, the temperatore of the eaith 
would soon be as low as that of the universe, if the atmos- 
phere were removed, or if it did not exist. Eveu the power- 
ful solar rays in the tropics would be tuiable to prcscrre wa- 
ter in its liquid state. 

Between the gi'eat cold wliich woidd reign at all times 
and in all places, and the moderate warmth which in reality 
exists on our globe, intermediate temperatures may be ima- 
gined ; and it is easily seen tliat the mean temperature would 
decrease if the atmosphere were to become more and more 
rare. Such a rarefaction of a valve-like a«fing atmosphere 
actually takes place as we ascend higher and higher above 
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Ihe level of tlie sea, and it is accordingly and ncccssiijily ae 
companied by a corresponding diminution of temperature. 

This weH-known fact of the lower mean temperature of 
places of greater altitude has led to the strangest hypotlieies. 
The aim's rays were not supposed to contain all the conditioni' 
for wai'ming a body, but to set in motion the "substance' 
of heat contained iu fhe earth. This "substance" of heat, 
cold when at rest, was attracted by the earth, and was there- 
fore found in greater abundance near tlie centre of the globe. 
This view, it was thought, explained why the warming power 
of the Bun was so much weaker at Hie top of a mountain than 
at the bottom, and why, in spite of liis immense radiation, he 
retained his fuU powers. 

This belief, which especially prevails amongst impei-fectly 
informed people, and which will scarcely succumb to correct 
views, is directly contradicted by tbe excellent experiments 
made by PouiUet at different altitudes with the pyrheliometer. 
These eiperimeats show that, evei-ytliing else being equal, 
the generation of heat by the eolai' rays is more powerful iu 
higher altitudes than near the surface of our globe, and that 
consequently a portion of these rays is absorbed on tlicir pas- 
sage through the atmosphere. Why, in spite of tliis partial 
absorption, the mean temperature of low altitudes is never- 
theless higher than it is in more elevated positions, is ex- 
plsuned by the iaet that tbe atmosphere stops to a far greater 
degi-ee the calorific rays emanating from the earth than if 
docs those from the sun. 



v.— CONSTANCY OE TEE SUN'S MASS. 

Newton, as is well known, considered light to be the 
amission of luminous particles from the sun. In. tlie contin- 
n of light this great philosopher saw a cause tend- 
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lug to dimimsli the solar mass ; and he assumed, in order to 
make good tliis loss, comets and other eosmical masses to he 
continually felling into the central hody. 

If we express this view of Newton's in the language of 
the undulatoiy theory, which is now universally accepted, we 
obtain the results developed in the preceding pages. It is 
frue that our theory does not accept a peculiar " substance " 
of light or of heat ; noverthelegs, according to it, the radia- 
tion of light and heat consists also in purely material pro- 
cesses, in a sort of motion, in the vibrations of ponderable 
resisting substances. Quiescence is dartuess and death ; mo- 
tion is light and life. 

An undulating motion proceeding from a point or a plane 
and excited in an unlimited medium, cannot be imagined apttrt 
from, another simultaneous motion, a translation of the parti- 
cles themselves ;* it therefore follows, not only from the emis- 
sion, but also from the wndulatory theory, tliat radiation con- 
tinually diminishes the mass of the sua. "Why, nevertheless, 
the mass of the snn does not really diminish has already been 
stated. 

The radiation of the sun is a centrifugal action equivalent 
to a centripetal motion. 

The caloric effect of the centrifugal action of the sun can 
be found by direct observation ; it amounts, according to 
Chapter III., in one minute to 12,650 millions of cubic miles 
of heat, or 5-17 qoadrillions of units of beat. In Chapter 
IV". it has been shown that one kilogramme of the mass of an 
asteroid originates from 27-5 to 55 millions of units of heat ; 
the quantity of cosmisal masses, therefore, which falls every 
minute into the sun amounts to from 94,000 to 188,000 bil- 
lions of kilogrammes. 

To obtain this remarkable result, we made use of a method 

" Tliis oontiifugiil motiou is perliapH tlie cause of the repulsioii of tlie 
tails on. oometa wheii in tiie neighboutbood of tlie sun, as obserted by 
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which is eommon in physical iaquiciea. Observation of tho 
moon's motion rcveaJa to us tlic external form of the earth. 
The physicist determines with tho toraion-balanco the woiglit 
of a planet, jnst as tho merchant finds the weight of a parcel 
of goods, whilst the pendulum lias become a magic power in 
the hands of the geologist, enaDling him to diacoYcr eaviliefl 
in the bowels of tho earth. Our ease is similar to these. By 
observation and calculation of the velocity of sound in our 
atmosphere, we obtain the ratio of Iho specific heat of air un- 
der constant pressure and under constant volume, and by the 
help of this number we dctcrmLQe the quantity of boat gaae- 
rated by mechanical work. The Leat wldch arrives from the 
sun in a given time on a small surface of our globe serves as 
a basis for the calculation of the whole radiating effect of tho 
sun ; and the result of a series of observations and well- 
founded conclusions is the quantitative determination of those 
cosmical masses whieb the stm receives from tho space 
through which he sends forth his rays. 

Measured by terrestrial standards, the ascertained number 
of so many billions of kilogrammes per minute appears in- 
credible. This quantity, however, may be brought nearer to 
our comprehension by comparison with other cosmical mag- 
nitudes. The nearest celestial body to us (the moon) has a 
mass of about 90,000 trilliona of kilogrammes, and it would 
therefore cover the expenditure of tlie sua for from one to 
two years. The mass of the earth would afford nonrishmeat 
to the sun for a period of from 60 to 120 years. 

To facilitate the appreciation of the masses and the dis- 
tances occurring in tiie planetary system, Herschel draws the 
following picture. Let (lie sun be represented by a globe 1 
metre in diameter. The nearest planet (Mercury) will be 
about as large as a pepper-corn, S^ millimetres in thickness, 
at a distance of 40 metres. 78 and 107 metres distant from 
the sun will move Venus and the Earth, each 9 millimetres in 
diameter, or a little larger than a pea. Not much more than 
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a quarter of a metro from tho Eartli will be the Moon, tli^ 
BJzo of a muBtard seed, 2J milliuietree in diameter. Miirs, 
at a distance of 160 metres, wiU have ahout half the diame- 
ter of the Earth ; and the smaller planets (Vesta, Hebe, As 
ti'ca, Juno, Pallas, Ceres, &c.), at a distance of from 250 to 
800 metres from the sun, will resemble particles of sand. 
Jupiter and Saturn, 560 and 1000 metres distant from the cen- 
tre, will be represented by oranges, 10 and 9 centimetres in 
diameter. Uranas, of the size of a nut 4 centimetres across, 
will he 2000 metres ; and Heptone, as large as an apple G 
centimetres in diameter, will be nearly twice as distant, or 
about half a geographical mile away from the sun. From 
Neptune to the nearest fixed star will be more than 2000 geo- 
graphical miles. 

To complete this picture, it is necessary to imagine finely- 
divided matter grouped in a diversified manner, moving slowly 
and gradually towards the l&fge central globe, and on its ar- 
rival attaching itself thereto ; this matter, when fevourably 
illuminated by flie sun, represents itself to OS as the zodiacal 
light. This nebulous substance forms also an important part 
of a creation in which nothing is by chance, but wherein all 
is arranged withi Divine foresight and wisdom. 

The surface of tlie sun measures 115,000 millions of 
square mOea, or 6J trillioaa of square metres ; the mass of 
matter which in tlie shape of asteroids falls into tJie sun every 
minute is from 94,000 to 188,000 billions of kilogrammes ; 
one square metre of solar surface, therefore, receives on an 
average from 15 to SO grammes of matter per minute. 

To compare this process with a terrestrial phenomenon, a 
gentle rain may be considered which sends down in one hour 
a layer of water 1 millimetre in thickness (during a fhundor- 
stonn the rainfall is often from ten to fifteen times this quan- 
tity) ; tJiis announts on a square metro to 17 grammes pei 
minute. 



Hosted .vGoogle 



286 CELESTIAL DTHAMIoa. 

Tlio coaLiaual bombardment of the skq by Ihcsc cosmical 
masses ought to increase its volume as well as ita mass, if 
centripetal action only exislfid. The increase of volume, 
could scarcely be appreciated by man ; for if the specific grav- 
ity of these eosmical masses be assumed to be the same as 
that of the sun, the enlargement of his apparent diameter to 
tlie extent of one second, tlie smallest appreciable magnitnile, 
would require from 33,000 to 66,000 years. 

Not quite so inappreciable would be tlie iucrease of the 
mass of the evm. If thia mass, or the weight of the sun, 
were augmented, an acceleration of the motion of the planets 
in their orbits would be the consequence, whereby their times 
of revolution round the central body would be shortened. 
The mass of the sun ia 2-1 quintillions of kilogrammes ; and 
the mass of the coamical naatfer annually arriving at the sun 
stands to the above as 1 to from 21 — 42 millions. Such an 
augmentation of the weight of the sun ought to shorten the 
sidereal year from «o^ith to a6;osi;o«ith of its length, or from 
Iths to f ihs of a second. 

The observations of astronomers do not agree with this 
conclusion ; we must therefore fall back on the theory men- 
tioned at the beginning of this chapter, which assumes that 
the sun, like the ocean, ia constaatly losing and receiving 
equal qnantitiea of uaatter. This harmonizes with the suppo- 
sition that tlie vis viva of the universe is a constant quantity. 



VI.— THE SPOTii ON THE SDK'S DISC. 

Thi! solar disc presents, according to Sir John Herschel, 
the following appearance. " When the sun is observed 
through a powerful telescope provided with coloured glasses 
in order to lessen the heat and briglitness which would be 
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hurtful to tiie eyes, lai^e dark spots are often seen surrouiiJod 
by edges which are not quite so dark as the spots ihomselves, 
and which are called penunthrje. These spots, however, arc 
neither pennanent nor unchangeahle. When ohsorved from 
day to day, or even from hour to hour, their form is seen to 
change ; they expand or contract, and finally disappear ; on 
other parts of the solar surface new spots spring into e:risl'' 
enee where none could be discovered hefore. When they dis- 
appear, the darker pail, in the middle of the spot contracta to 
a point and vanishes sooner than the edge. Sometimes they 
break op into two or m.ore parts that show aU tlie signs of 
mobility cliaracteristic of a liquid, and the exti'aordiiiary 
commotion which it seems only possible for gaseous matter to 
possess. The magnitude of their motion is very great. An 
arc of 1 second, as seen fi-om. our globe, corresponds to 465 
Eaglish miles on the sun's disc ; a circle of tliis diameter, 
which measures nearly 220,000 English square miles, ia the 
smallest area that can be seen on the solar surface. Spots, 
however, more than 45,000 English miles in diameter, and, 
if we may trust some statements, of even greater dimensions, 
have been observed. For snch a spot to disappear in the 
coarse of sis weeks (and they rarely last longer), the edges, 
whilst approaching each other, must move through a space of 
more than 1000 miles per diem. 

" That portion of the solar disc which is free from spots 
is by no means uniformly bright. Over it are scattered small 
dark spots or pores, which are found l>y careful observation 
to be in a state of continual change. The slow sinking of 
some chemical precipitates in a transparent liquid, when 
viewed from the upper surface and in a direction perpendicu 
lar thereto, resembles more accurately than any other phe- 
nomenon the changes which the pores undergo. The similai> 
ity is so striking, in fact, that one can scarcely resist the idea 
tliat the appearances above described are owing to a luminous 
1 moving about in a non-luminous atmosphere, eithei' 
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like the clouds in our air, or in widc-sprwid planes and flauie- 
like columns, or in rays liko the aurora boreaJis. 

" Near large spots, or extensive groups of them, large 
spaces are observed to be covered with peculiarly marked 
lines much brighter than the other parts of the surface ; these 
lines are curved, or deviate in branches, and are called faculss. 
Spots arc often seen between these lines, or to originate there. 
These are ia all probability the crests of immense waves in 
the limiinous regions of the solar atmosphere, and bear wit- 
ness to violent action in their immediate neighbourhood." 

The eliauges on the solar surface evidently point to tbe 
action of some external disturbing force ; for every moving 
power resident in the sun itself ought to exhaust itself by its 
own action. These clianges, therefore, are no unimportant 
confirmation of the theory explained in these pages. 

At file same time it must be observed that our Inowloclgo 
of physical heliograpiy is, from tiie nature of the subject, 
very limited ; even the meteorological processes and ofiier phe- 
nomena of our own planet are still in many respects enigmat- 
ical. For this reason no special information could be given 
about the manner in which the solar surface is affected by 
cosmical masses. However, I may be allowed to mention 
some probable conjectures which offer themselves. 

The extraordinarily high temperature which exists on the 
sun abnost precludes the possibility of its surface being solid ; 
it doubtless consists of an uninterrupted ocean of flery fluid 
matter. This gaseous envelope becomes more rarefied in 
those parts most distant &om tlie sun's centre. 

As most substances are- able to assume the gascone state 
of aggregation at high temperatures, the height of the sun's 
atmosphere cannot be inconsiderable. There are, however 
sound reasons for believing that the relative height of the so 
lar atmosphere is not very great. 

Since the gravity is 28 times greater on the sun's surface 
fhac it is on our earth, a column of air on the former must 
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eause a pressure 28 timoa greater than it would on oirr 
globe. TLis great pressure compresses air as much as a tem- 
perature of 8000° would expand it. 

In a still greater degree than this increased gravity do the 
qualities peculiar to gases affect the height of the solar atmo- 
sphere. In consequence of these properties, the density of 
our atmosphere rapidly dimuushes as we ascend, and mcreasea 
RS we descend. Grenerally speaUag, laiefaetion mcieases in 
a geometrical progression when the heights are m an arith- 
metic^ progression. If we ascend oi descend 2^, 5, or 80 
miles, we find our atmosphere 10, 100, or a billion times more 
rarefied or more dense. 

This law, although modifled by the unequal temperatures 
of the different layers of the photosphere, and the unknown 
chemical nature of the substances of which it is composed, 
must iJso hold good in som.e measure for the sun. As, how- 
ever, the mean temperature of the solar atmosphere must 
considerably exceed that of our atmosphere, the density of the 
former will not vary so rapidly with the height as the latter 
does. If we assume this increase and decrease on the sun to 
be ten times slower than it is on our earth, it follows tliat at 
(he heiglits of 25, 50, and SOO miles, a rarefaction of 10, 
100, and a billion times respectively would be observed. Tlie 
Eolar atmosphere, therefore, does not attain a height of 400 
geographical miles, or it cannot be as much as jjjth of the 
.Bun's radius. For if we fate flie density of the lowest strata 
of the sun's atmosphere to be 1000 times greater that that of 
our own near the level of the sea, a density greater than that 
of water, and necessarily too high, then at a height of 400 
miles this atmosphere would be 10 billion times less dense 
than the earth's atmosphere ; that is to say, to human com- 
prehension it has ceased to exist. 

This discussion shows that the solar atmosphere, in com- 
parison with the body of the sun, has only an insigniflcauf 
height ; at the same time it may be remarked tiiat on the 
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aun'a auriai-e, in spite of the great heat, suoli subatances tu 
water may possibly exist in the liquid state under a pressure 
tliousands of times greater tlian ttat of our atmoapliere. 

Since pases, when free from any solid particles, emit, even 
at very high temperatures, a pale teansparent light — ^the so- 
called Iviiibn. fhUosophicum — it ia probable that the intense 
white light of the sun has its origia in the denser parts of Ms 
Burface. If such be asaomed to be the case, the sun's spots 
and faculje aeem to he the disturbances' of the fiery liquid 
ocean, caused by moat powerful meteoric procesaes, fof which 
all necessary materiala are present, and partly to he causeii 
by the direct influence of streams of asteroida. The deeper 
and less heated parts of this fiery ocean become thus exposed, 
and perhaps appear to ua as apota, whereaa the elevations 
form the so-called fitcolEe. 

According to the experiments made by Henry, an Ameri- 
can physicist, the rays sent forth from the spots do not pro- 
duce the same heating effect aa those emitted by the brighter 

"We have to mention one more remarkable arcumstauce. 
The apots appear to be confined to a zone which extenda 30" 
on each side of the sun's equator. The thought naturaJly 
suggests itself that some connexion exiata between tliose aolar 
proeesaes which produce the spots and facuhe, the velocity of 
rotation of the sun, and the swarms of asteroids, and to de- 
duce therefrom the limitation of the spots to the zone men- 
tioned. It stiU remains enigmatical by what means nature 
contrives to bring about the uniform radiation which pertains 
alike to the polar and equatorial regions of the sun. 
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VII— THE TIDAL WAVE. 

Ik almost every case the forces ind iiiotiOB=! en tlio ?iir 
fa«e of the earth may he traced hack to the iiys of the snn 
Some proceaees, however, form a remailtaUe except en 

One of these is tlie tides. Beautitul, and m some re- 
spects eshaUBlivo researches on this phenomenon have been 
made by Newton, Laplace, and otheia Ihe tid a are i^used 
by the attraction exercised by the sun and the moon on the 
moreable parts of the earth's surfaLc, and hy the aiial rota- 
tion of our globe. 

The alternate rising and falling of the Lvcl ef tbc oca 
maybe compared to the ascent and dcscciit cf a pendulum 
oscillating under the influence of the earth's dttraelion 

The coafiuoal resistance, however weak it may be, which 
an instrnment of this nature (a physical pendulum) euflers, 
constantly shortens the amplitude of the ccillafiona which it 
performs; and if the pondulura be reqmied to continue m 
uniform motion, it must receive a coctant supply of iis mva 
corresponding to the resistance it has to overcome. 

Clo<Aa regulated by a pendulum, obtain such a supply, 
cither from a raised weight- or a bent spring. The power 
consumed in raising the weight or in bending the spring, 
which power is represented by the raised weight or the bent 
spring, overcomes for a time the resistance, and thua secures 
the uniform motion of the pendulum and dock. In doing so, 
the weight sinks down or the spring uncoils, and therefore 
force must be espenclod in winding the clock up again, or it 
would stop moving. 

Essentially the same holds good for the tidal wave. The 
moving waters rub against each other, against the shore, and 
against the atmosphere, and thus, meeting constantly with re- 
sistance, would soon come to rest if a vis viva did not exist 
competent to overcome these obstacles. This vii iiiva is tlia 
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rotation of tlie eartli on its axis, and the dimintition and final 
exhanetion tliereof will be a consequence of sucli an action. 

The tidal wave causes a dimiii'ution of the velocity of tin 
rotation of the ewrih. 

This important coadnsion can be proved in different ways. 

The attraction of the Bun and the moon disturbs the equi- 
librium of tlie moveable parts of the earth's surface, so as to 
move the waters of the sea towards the point or meridian 
above and below which the moon culmJEatea. If the wafers 
could move without resistance, the elevated parts of the tidal 
wave would exactly coincide with the moon's meridian, and 
un^er such conditlong no consumption of vis viva could take 
place. In reality, however, the moving watera experience 
resistance, in consequence of which the flow of the tidal 
wave is delayed, and high water occurs in the open sea on 
the average about 2J hours after the transit of tlie moon 
through the meridian of the place. 

The waters of the ocean move from west and east towards 
the meridian of the moon, and the more elevat«d wave is, for 
the reason above stated, always to the east of the moon's me- 
ridian ; hence the sea most press and flow more poweriiilly 
from east to west than from west to east. The ebb ^nd flow 
of the tidal wave therefore consists not only in an alternate 
rising and falling of the waters, but also in a slow progressive 
motion from east to west. The tidal wave produces a gen- 
eral westem current in the ocean. 

This current is opposite in direction to the earth's rota- 
tion, and therefore its friction against and collision with (he 
bed and shores of the ocean must offer everywhere resistance 
to the axial rotation of the earth, and diminish the vis vwa of 
its motion. The earth here plays the part of a fly-wheel. 
The moveable parts of its surface adhere, so to speak, to the 
relatively fixed moon, and are dragged in a direction opposite 
to tliat of the earth's rotation, in conseqnence of which, ac- 
tion tates place between the solid and liquid parts of this fly 



Hosted .vGoogle 



THE TIDAL \ 



393 



whecJ, rceiataQcc ia overcome, and the given rotatory effect 
diminished. 

Water-mills have been tm-ned by the action of the tides ; 
the effects produced by such an arrangement are distinguished 
in a remarkahle maimer from those of a mill turned by a 
mountain-atream. The one obtains the i»s viva with whieli 
it worka irom the eartli's rotation, the other from the Bun's 
radiatioa. 

Varions causes Combine to incessantly maintain, partly in 
an undulatory, partly in a progressive naoiion, the waters of 
the ocean. Besides the influence of the stm and the moon on 
the rotating earth, meniion must be made of the influence of 
the m.ovement of the lower strata of the atmosphere on the 
Buriaeo of the ocean, and of the different temperatures of tie 
sea in various climates ; the eonflguration of the shores and 
the bed of the ocean likewise exercise a majiifold ioflaence on 
the velocity, direction, and extent of the oceanic currents. 

The motions in our atmosphere, as well as those of the 
ocean, presuppose the existence and consumption of vis viva 
to overcome the eoatiniial resistances, and to prevent a state 
of rest or equilibrium. Generally speaking, the power neces- 
sary for the prodnction of aerial currents may be of threefold 
origin. Either the radiation of the sun, the heat derived 
from a store ia the interior of the earth, or, lastly, the rota- 
tory effect of the earth may be the source. 

As far as quantity is concerned the sun is by far the most 
important of the above. According to Ponillet's nieasuxe- 
ments, a square metre of the earth's surfaeo receives oa the 
average 4'408 units of heat from the sun per minute. Since 
one unit of heat is equivalent to 367 Km, it follows that one 
square metre of the stirface of our globe receives per minute 
an addition o(vis viva equal to 1620 Em, or the whole of the 
earth's surface in the same time 835,000 billions of Km. A 
power of 75 K"m per second is called a horse-power. Ac- 
cording to this, the effect of the solar radiation in mechanical 
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work OQ one square metre of tte earth's surface would ba 
equal to 0'36, and the total effect for the whole globe 180 Ijil- 
lious of horse-powers. A not inconsiderable portion of this 
enormous quantity of vis ■oiva is consumed in the production 
of atmospheric actions, in consequence of which numeroua 
motions are set up in the earth's atmosphere. 

In spife of their groat variety, the atmospheric currents 
maj be reduced to a single type. In consequence of the une- 
qual heating of the earth in different degrees of latitude, the 
colder and heavier air of the polar regions passes in an Tm.der 
cnrrent towards the eqnator ; whereas the heated lur of the 
ti'opics ascends to the higher parts of the atmosphere, and 
flows from thence towards the poles. In this manner the air 
of each hemisphere performs a circuitous motion. 

It is known that these currents are essentially modified by 
the motion of the earth on its axis. The polar currents, with 
their smaller rotatory velocity, receive a motion from east to 
west contrary to the earth's rotation, and the equatorial, cur- 
rents one from west to east in advance of the axial rotation 
of the earth. The former of these currents, the easterly 
winds, must diminish the rotatory effect of the globe, the lat- 
ter, the westerly winds, must increase the same power. The 
final result of the action of these opposed influences is, as re- 
gards the rotation of the earth, according to well-known me- 
clianieal principles, ^0 ; for these curronta counteract each 
other, and therefore cannot exert the least influence on the 
axial rotation of tlie earth. This important conclusion was 
proved by Laplace. 

The same law holds good for every imaginable action 
which is caused either by the radiant heat of the svm, or by 
the heat which reaches the surface from the earth's interior, 
whether the action be in the air, in the water, or on ihe land. 
The effect of every single motion produced by these means on 
the rotation of the globe, is exactly compensated by the efiecf 
sf another motion in an opposite direction ; so that the result 
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aat of all thcf.e motions 'is, as far as tiio axial rotation of tliu 
glolje is eoncemiid, ^ 0. 

In those actions known as tlie tides, such compensation, 
however, does not take place ; for the pressure or pnll by 
which they are produced is always stronger from east to west 
than from west to east. The currents caused by this pull 
may ebb and flow in different directioas, but their motion pre- 
dominates in that which is opposed to the earth's rotation. 

The velocity of the eurrents caused by the tide of the at- 
mosphere amounts, according to Laplace's calculation, to not 
moire than 75 millimetres in a second, or nearly a geographi- 
cal mile in twenty-four hours ; it is clear that much mofo 
powerful effects produced by the sun's heat would hide tin's 
action from obsercation. The influence of these air-currents, 
however, on the rotatory effect of the earth is, according io 
the laws of mechanics, exactly the same as it would be were 
the atmosphere undisturbed by the sua's radiant heat. 

The combined motions of air and water are to be regarded 
from the same point of view. If we imagine the influence 
of the sun and that of the interior of our globe not to exist, 
the molion. of the air and ocean from east to west is still left 
as an obstacle to the axial rotation of the earth. 

The motion of the waters of the ocean from east to west 
was long ago verified by observation, and it is certain that 
the tides are the naoBt efiectual of the causes to which this 
great westerly current is to be referred. 

Besides the tidal wave, the lower air-eurrents moving in 
the same direction, the trade-winds of the tiopies especially, 
may be assigned as causes of this general movement of tlie 
waters. The westerly direction of the latter, however, is not 
confined to the region of easterly winds ; it is met with in the 
region of perpetual calms, where it possesses a velocity of 
several miles a day ; it is observed far away from the tropics 
both nortli and south, in regions whore westerly winils prc' 
15 
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vail, near the Cape of Good Hope, the Straita of Magellan, 
the arctic regions, &c. 

A third cause for the production of a general motion of 
translation of the waters of the ocean is the unequal healing 
of tlie sea in different zones. According to the laws of hy- 
drostatics, the colder water of the higher degrees of latitudo 
is compelled to flow towards the equator, and the warmer 
water of the tropics towards the poles, in consequence of 
which, similar movements are produced in the ocean to those 
in the atmosphere. This is the cause of the cold under cur- 
rent from tlie poles to the equator, and of the warm surface- 
current from the equator to the poles. The waters of the lat- 
ter, by virtue of the greater velocity of rotation at the equa- 
tor, assume in their onward progress a direction &om west to 
east. It is a striking proof of the preponderating influence 
of the tidal wave that, in spite of this, the motion of the 
ocean is on the whole in an opposite direction. 

Theory aad experience thus agree in the result that the 
influence of the moon oa the rotating earth causes a motion 
of translation from east to west in hoth atmosphere and 
ocean. This motion must continually diminish the rotatory 
effect of the earth, for want of an opposite and compensating 
influence. 

The continual pressure of the tidal wave against tlie axial 
rotation of the earth naay also bo deduced from statical laws. 

The gi-avitation of the moon affects without exception all 
parts of the glohe. Lot the earth be divided by the plane of 
the meridian in which the moon happens to be into two hemi- 
spheres, one fo tlie east, the other to the west of this merid- 
ian. It is clear that the moon, by Its attraction of the east- 
em hemisphere, t^nda to retard the motion of the eartJi, and 
by its attraction of ihe western hemisphere, to accelerate tlie 
iame rotation. 

Under certain conditions both these tendencies compensate 
each other, and then the action of the moon on tlie earth's 
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rotation bocomes aero, THs happens ■when both, hemisphorca 
are arranged in a certain manner symmetricallj", or when no 
parte of the eai-lh can change their relative posifioa ; in the 
latter case a sort of symmetry is produced by the rotation. 

The form of tJie eartt deviates from a perfectly symmef-- 
rical sphere on account of the three following causes : — (1) 
the flattening of the poles, (2) the mountains on the surface, 
and (3) the tidal wave. The first two causes do not change 
the velocity of the earth's axial rotation. In order to com- 
prehend clearly the effect of the tidal wave, we shall imagine 
the earth to be a perfectly symmetrical sphere tmifbrmly sur- 
rounded by water. The attraction of the sun and the moon 
disturbs tlie equilibrium of this mass, aitd two flat mountains 
of water are formed. The top of one of these is directed 
towards the moon, and the snmmit of the other is turned 
away from it. A straight line passing through the tops of 
these two mountains is called the major asia of tliis earth- 



In this state the earth may be imagined to be divided 
into three parts — a smaller sphere, and two spherical seg 
mente attached to tlie opposite sides of tlie latter, and repre 
senting the elevations of the tidal wave. The attraction of 
the moon on the small central sphere does not change the ro 
tation, and we have therefore only to consider the influence 
of this attraction on the two tidal elevations. The upper ele- 
vation or mountain, the one nearest the moon, is attracted 
towards the west because its mass is principally situated to the 
east of the moon, and the opposite monntain, which is to the 
west of the moon, is attracted towards the east. The upper 
tidal elevation is not only more powerfully attracted because 
it is nearer to the moon, but also because the angle under 
wliieh it is pulled aside is more favourable for lateral deflec- 
tion than in the case of the opposite protuberance. The pres- 
sure from east to west of the upper elevation proponderafea 
therefore over the pressure from west to east of the opposiio 
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moimtaiit ; according to ealeulation, ttese quantities stand tii 
eacit otJicr nearly as 14 to 13, From the relative position of 
these two tidal protuberances and tte moon, or the unchangC" 
able position of the major axis of the earth-spheroid towards 
the centre of gravity of the moon, a pressure results, which 
preponderates from oast to west, and offers an obstacle to the 
earth's rotation. 

If gravitation were to be compared with magnetic attrac- 
tiort, tbe earth might be considered to te a large magnet, one 
pole of which, being more powerfuDy attracted, would repro- 
aent the upper, and the other pole the lower tidal elevation. 
As the upper tidal wave tends to move towards the moon, the 
earth would act like a galvanometer, whose needle has been 
deflected from the magnetic meridian, and which, while fend- 
ing to return thereto, exerts a constant lateral pressure. 

The foregoing discussion may suffice to demonstrate the 
influence of the moon on the earth's rotation. The retarding 
pressure of the tidal wave may quantitatively he determined 
in the same manner as that employed in computing the pre- 
cession of the equinosies and the nutation of the earth's axis. 
The varied distribution of land and water, the tineqaal and 
nnknown depth of the ocean, and die as yet imperfectly ascer- 
tained mean difference between the time of the moon's cul- 
mination and that of high water in the open sea, enter, how- 
ever, as elements into such a calculation, and render the de- 
sired result an uncertain quantity. 

In the mean time this retarding pressure, if imagined to 
act at the equator, cannot be assumed to be less than 1000 
millions of kilogrammes. In order to start with a definite 
conception, we may be allowed to nse this round number aa a 
basis for the following calculations. 

The rotatory velocity of the earth at the equator is 464 
metres, and the consumption of mechamcal work, therefore, 
for the maintenance of the tides 464,000 millions of Km, or 
600C millions of horse-powers per second. The effect of the 
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tidas may consequently be estimated at ^m^ of tlie effuct re- 
ceived by the earth liom the sun. 

The rotatory effect which tlie earth at present possesses, 
may be calctilated from its mass, voltmie, and velocity of rotar 
tlon. The volume of the narth is 3,650,686,000 cubic miles, 
and its specific gravity, according to Beich, = 5-44. If, for 
the sate of simplicity, we assume the density of the earlh to 
be uniform fhroughovit its mass, we obtain from the above 
premises, and flie known velocity of rotation, 25,840 quadril- 
lions of kilogrammetres as the rotatory effect of the earth. 
If, during every second in 2600 yeai^, 464,000 millioiis of 
Km of this effect were consumed by the ebb and ilow of the 
tidal wave, it would suffer a diminution of 36,600 trillions of 
Km, or aboat is^th of its quantity. 

The velocities of rotation of a sphere stand to each other 
in tlie same ratio as the square roots of the rotatory effects, 
when the volume of tLa sphere remains constaat. From this 
it follows that, in the assumed time of 2500 years, the length 
of ft day has increased i;4o^mfi > or if a day be taken equal 
to 86,400 seconds, it has lengthened jjth of a second, if the 
volume of the earth has not changed. Whether this supposi- 
tion be correct or not, depends on the temperature of our 
planet, and will be discussed in the next chapter. 

The fides also react on the motion of the mooit. The 
stronger attraction of the elevation nearest to, and to the east 
of the moon, increases with the tangential velocity of our sat- 
ellite ; the mean distance of tlie earth, and the moon, and the 
time of revolution of the latter, are consequently augmented. 
The effect of this action, however, is insignificant, and, ac- 
cording to calculation, does not amount to more than a frac- 
tion of a second in the course of centuries. 
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¥111.— THE EARTH'S INTERIOR HEAT. 

WrmouT doubt tliere was once a time wlien oiir glolto 
had not assumed its present magnitude. According to this, 
by aid of this simple assumption, the origin of our planet may 
be reduced to the union of once separated masses. 

To the mechanical combinations of masaea of the second 
order, witli masses of the second and tWrd order, &c., tlie 
same laws as those enunciated for the sim apply, Tlie collis- 
ion of such masses must always generate an amount of heat 
proportional to the squares of their velocities, or to their me- 
chanical effect. 

Althongh we are not in a position to affirm anything cer- 
ta n r sp cting the primordial conditions imdor which the 
oonstitu nt parts of the earth existed, it is nevertJieless of the 
groatt t mterest to estimate the quantities of heat generated by 
the c Ilia on and combination of these parts by a standard 
ba ed on the simplest assumptions. 

Accoidingly we shall coasider for the present the earth to 
have been formed by the unioa of two pai-ts, which obtained 
their relative motions by their mutual attraction only. Let 
the whole mass of the present earth, expressed in kilo- 
grammes, be T, and the masses of the two portions T—x and 
». The ratio of these two quantities may be imagined to 
assume various values. The two extreme cases are, when at 
is considered infinitely small in comparison with T, and when 
K =^ T~-x ■« -J T. Tliesc form the limits of all imaginable 
ratios of tlie parts T— i; and cr, and will now be more closely 
examined. 

Terrestrial heights are of course excluded from the fol- 
lowing consideration. In the first plaee, let x, in comparison 
with T— fl-, he iuflnitoly small. Tlie final velocity with 
whicli X aiiivL'S on the surface of the largo mass, after having 
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passed throiigli a great apa«e in a straight line, or after pre- 
viouB central motion round it, is, according to the liiws devel- 
oped in relation to the sun in Chapter m., confined witliin 
the limits of 7908 and 11,183 metres. The heat generated 
by.thia process may amount to from 8685Xa! to 17,370X!B 
unitB, according to the value of the major axis of the orbit 
bf SI. This heat, however, vanishes by its distribution through 
the greater masB, because x la, according fo supposition, infi- 
nitely small in comparison with T. 

The quantity of heat generated increases with x, and 
amounts in the second eaiSe, when a; = iT, to from 6000xT 
to 8685 xT units. 

If we assume the earth to possess a very great capacity 
for heat, equal in fact to tluit of its volume of water, which 
when calculated for equal weights s™ 0'184, the above discus- 
sion leads t« the conclusion that the difference of temperature 
of the constituent parts, and of the earth after their union, or, 
in other words, the heat generated by the collision of these 
parts, may range, according to their relative magnitude, from 
0° to 32,000°, or even to 47,000° t 

"With the number of parts wMch thus mechanically com 
bine, tbe quantity of heat developed increases. Far greatei 
BlJH would have been the generation of heat if the constituent 
parts had moved in separata orbits round the aun before their 
union, and had aj^cidentalty approajihed and met each other. 
For various reasons, however, this latter supposition is not 
very probable. 

Several facts indicate that our earth was once a flcry 
liquid mass, which has since cooled gradually, down to a com- 
paratively inconsiderable depth from the surface, to its pres- 
ent temperature. The first proof of this is the form of the 
earth. " The form of the earth is its history." According 
to the most careful measurements, the flattening at the poles 
is exactly such as a Hquid mass rotating on its axis with the 
velocity of the earth would possess ; from this we may con- 
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elude that tlie eartli at the time it reeoived its rotatoiy motion 
was ia a liquid state ; and, after much controversy, it may be 
considered as setfled that this liquid condition waa not that of 
an aqueous solation, but of a mass melted by a high tempera- 

The temperature of the crust of the globe likewise fur- 
uishea proof of the esietenee of a store of heat in its interior. 
Blany exact experiments and measurementa show that the 
temperatiire of the earth increases with the depth to which 
we penetrate. In boring the artesian well at Grenellc, which 
is 546 metres deep, it was observed ihat the temperature aug- 
mented at the rate' of 1° for every 30 metres. The same re- 
sult was obtained by ohseryationa in tlia artesian well at Mon- 
dorf in. Liisembourg : this well is G71 metres in dopUi, and 
Its water 34° warm. 

Thermal springs furnish a sti'iking proof of the high tem- 
perature existing in the interior of the earth. Scientific men 
are agi-eed that the aqtieous deposits from the atmosphere, 
rain, hail, dew, and snow, ai-e the sole causes of the forma- 
tion of springs. The water oheyicg the laws of gravity, per- 
colates through the earth wherever it can, and reappears at 
the surface in places of a lower situation. When water sinks 
to considerable depths through vertical crevices in the rocks, 
it acquires the temperature of the snrroundiag strata, and 
returns as a thermal spring to the surface. 

Such waters are frequently distinguished from the water 
of ordinary springs merely by tlieir possessing a higher tem- 
perature. If, however, the water in its course meets witli 
mineral or organic substances which it can dissolve and re- 
tain, it then reappears as a mineral spring. Examples of 
Buch are met with at Aachen, Carlsbad, &c. 

In a far more decided manner than by the high tempera- 
ture of the water of certain springs, the interior heat of one 
globe is made manifest by those fiery fluid masses which 
i from considerable depths. The temperature 
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of the carth'3 crust increases at the rate of 1° for every 30 
metres we descend froja the surface towards the centre. Al- 
though it is incredible that this augmentatioii cau continue at 
the same rate till the centre be reached, we may neTertheless 
assume with certainty that it does continue to a considerable 
depth. Calculation based on this assumption shows that at 
a depth of a few mUea a temperature must exist sufficiently 
powerfiilto fuse most substances. Such molten maissea pene- 
trate the cold crust of the globe in many places, and maie 
their appearance as lava. 

A distinguished scientific man has laf«Iy expressed him- 
self on the origin of the inferior heat of the earth as follows . 
— " No one of course can explain the final causes of things. 
This much, however, is clear to every thinking man, that 
there is just as much reason that a body, like the earth, for 
example, should be warm, warmer than ice or human blood, 
as there is that it should be cold or colder than the latter. A 
particular cause for this absolute heat is as little necessary as 
a cause for motion or rest. Change — that is to say, transi- 
tion from one state of things to anothei- — alone requires and 
admits of explanation." 

It is evident that this reflection is not fitted to suppress the 
desire for an explanation of the phenomenon in question. As 
all matter has the tendency to assume the same temperature 
as that possessed by the substances by which it happens to be 
Burrounded, and to remain in a quiescent state as soon aa 
equilibrium has been established, we must conclude that, 
whenever we meet witli a body warmer than its neighbours, 
such body must have received at a (relatively speaking) not 
far distant time, a certain degree of heat, — a process which 
certainly allows of, and requires explanation. 

■ Kevrton's theoiy of gravitation, whilst it enables us to dc- 
.ermine, from its present form, the earth's state of aggi'oga^ 
tion in ages past, at the same time points out to ns a source 
of heat powerful enough to produce such a state of aggrega- 
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tioa, powerful enoTigh to melt worlds ; it teaches us !o cou- 
aider the molten state of a planet as the result of the mechan- 
ical union of cosmical masses, and thns derive the radiation 
of the Bun and the heat in the bowels of the earth from a 
common oiigln. 

The rotatory effect of the earth also may ha readily ex- 
plained by the collision of its constituent parts ; and we must 
aceordiagly subtract the vis viva of the axial rotation from 
the whole effect of the collision and mechanical combination, 
in order to obtain_the quantity of heat generated. The rota- 
tory effect, however, is only a small quantity in comparison 
■with the interior heat of the earth. It amounts to about 
4400 XT kilogrammetrea, T being the weight of the earth in 
kilogrammes, which ia equivalent to 13 XT units of heat, if 
we assume the density of the earth to be uniform throughout. 

If we imagine the moon in the course of time, either in 
consequence of the action of a resisting meciium or from 
some other cause, to unite herself with our earth, two princi- 
pal effects are to be disceroed. A result of the collision 
would be, that the whole mass of the moon and the cold crust 
of the eartli would be raised some thousands of degrees in 
temperature, and consequently the surface of the earth would 
be converted into a fiery ocean. At the same time the velo- 
city of the earth's axial rotation ■would be somewhat acceler- 
ated, and iJie position of its axis ■with regard to the heavens, 
and to its own sui-face, slightly altered. If the eai'th had 
been a cold body without axial rotation, the process of its 
combining with the moon would have imparted to it both 
heat and rotation. 

It is probable that such processes of combination between 
different parts of our globe may have repeatedly happened 
before the earth attained its present naagnitude, and that lux- 
uriant vegetation may ha^ve at different times been buried un- 
der the fiery dObria resulting from the eonfiict of these maases. 
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As long as the surface of oiir globe was in an iiicaiidiiS- 
cent state, it must have lost heat at a Tery rapid rate ; grad- 
ually this process became slower ; and although it haa not yet 
entii-ely ceased, the rate of cooling must have diminished to a 
comparatively small magnitude. 

Two phenomena are caused by Ihe cooling of the earth, 
which, on aceouat of their common origin, are intimately re- 
lated. The decrease of temperature, and consequent contrac- 
tioa of the earth's crust, must have caused frequent distur- 
bances and revolutions on its surface, accompanied by the 
ejection of molten masses and ihe formation of protuberances ; 
on the other hand, according to the laws of meehanics, the 
velocity of rotation must have increased with the diminution 
of the volume of the sphere, or, in other words, the cooling 
of the earth must have shortened ilie length of the day. 

As the intensity of such disturbances and the velocity of 
rotation are closely connected, it is dear that the yonth of our 
planet must liave been distinguished by continual violent 
transformations of its crust, and a perceptible acceleration of 
the velocity of its axial rotation ; whilst in the present time 
the metamorphoses of its surface are nnich slower, and the 
acceleration of its axial revolution diminished to a very small 
amount. 

If we imagine the times when flie Alps, the chain of the 
Andes, and the Peak of Tenerifie were upheaved from the 
deep, and compare with such changes the earthquakes and 
volcanic eruptions of historic times, we perceive in fliesc 
modem transformations but weak images of the analogous 
processes of bygone ages. 

Wlulsfc we are surrounded on every side by the menu ■ 
meats of violent volcanic convulsions, we possess no record 
of tlie velocity of the axial rotation of our planet in antedi- 
luvian times. It is of the greatest importance that we sliould 
have an exact knowledge of a change in this velocity, or in 
the length of the day during historic times. The investiga 
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tion of tilis subject by tlie great Laplace forms a briglit luori- 
uinent in tlie departmerit of esact science. 

These calculations aie casentially conducted in the follow- 
ing manner : — In the first place, the time between two eclipses 
of tlie sun, widely apart from each other, is as accurately 
as possible expressed in days, and from this the ratio of the 
time of ilie earth's rotation to tfee mean time of the moon's 
revolution determined. If, now, the observations -of ancient 
astronomers be compared with those of our present tinie, the 
least alteration in the absolute length of a day may be de- 
tected by a change in this ratio, or in a disturbance in the 
lunar revolution, Tlie most perfect agreement of ancient rec- 
ords on the movementa of the moon und the planets, on tlie 
ecHpses of the sun, &e., revealed to Laplace the romarltable 
fact tliat in tlie course of 25 ceuturiea, the time in which our 
earth revolves on ita axis has not altered ^ih part of a sexa- 
gesimal second ; and the length of a day therefore may bo 
considered to have been constant dmlng historic times. 

This result, as important as it was convenient for astron- 
omy, was nevertheless of a nature to create some difRcultica 
for the physicist. With apparently good reason it was con- 
cluded that, if the velocity of rotation had remained constant, 
the volume of the earth could have undergone no change. 
Ihe earth completes one i-evolufion on its axis in 86,400 si- 
dereal seconds ; it consecLnently appears, if this time has not 
altered during 2500 years to the extent of jooth of a second, 
or ^jii ^ulh part of a day, that daring this long space of time 
the radius of the eai-th also cannot have altered more than 
this fraction of its length. The earth's radius mc^ures 
6,369,800 metres, and therefore its length ought not fo have 
diininished moi-e than 15 centimetres in 25 centuries. 

The diminnfion in volume, as a result of the cooling-pro- 
cess, is, however, closely connected with the cliangos on the 
eai'th's sm-face. When we consider that scai'cely a day 
passes witliout the ocjinrrence of an earthquake or shock iu 



Hosted .vGoogle 



THE EABTll's INTEHIOE HEAT. 307 

one place or anollier, and that of the 300 active volpiinoa 
some are always in action, it would appear that such a lively 
reaction of the interior of flie earth against the cruat is in- 
compatible with the constancy of its volume. 

This apparent discrepancy hetween Cordier's theory of tlie 
connexion between the cooling of the earth and the reaction 
of the interior on the exterior parts, and Laplace's calcula- 
tion showing tlio constancy of the length of the day, a calcu- 
lation which is undoubtedly correct, has induced most acien- 
tiflc men to abandon Cordier's theory, and thus to deprive 
themaelvea of any tenable explanation of volcanic activity. 

The conticiied cooJing of the earth cannot be denied, for 
it takea place according to the laws of nature ; in this respect 
the earth cannot comport itself differently from any other 
mass, however small it may be. In spite of the heat which 
it receives from the sun, the eartli will have a tendency to 
cool so long as the temperature of its interior ia higher than 
the mean temperature of its surface. Between the tropica the 
mean temperature produced by the sun is about 28°, and the 
ean therefore ia as little able to stop the cooling-tendency of 
the earth as the moderate warmth of the air can pi-event the 
cooling of a red-hot ball anapendod in a room. 

Many phenomena, for instance the melting of the glaciers 
near the bed on which they rest, show the uninterrupted 
omission of heat from the interior towards the exterior of the 
earth ; and the question is, Has the eaith in 35 centuiioH 
actually loat no more heat thaa that which is requisite to 
shorten, a radivts of more than 6 miUiona of metres only 15 
centiraetoes? 

In answering this queslion, three points enter into our 
calculation; — (1) the absolute amount of heat lost by the 
earth in a cei-tain lime, say one day ; (3) the earth'a capacity 
for heat ; and (3) the coefficient of expansion of tiie mass of 
the earth. 

As none of tliese quantities can he delerrauied by direct 
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meaaaremeiits, we are obliged to content om-solves witl. prob- 
able estimates ; these estimates will carry the more weight 
the less tliey are fovmed in favour of some preconceived opin- 

Considoring what is known about the expansion aaid con- 
traction of solids and liquids by heat and cold, we arrive at 
the conclusion that for a diminution of 1° in temperature, 
the linear conti'acfion of fJie earth cannot well te less than 
jSyl^th psirt, a number which we all the more readily adopt 
becaase it has been used by Laplace, Arago, and others. 

If we compare the capacity for heat of all solid and liquid 
bodies which have been examined, we find that, both as re- 
gards volume aad weight, the capacity of water is the grea1> 
est. Even the gases corae under this rule ; hydrogen, how- 
ever, forms an exception, it having the greatest capacity for 
heat of all bodies when compared with an equal weight of 
water. In order not to take the capacity for heat of the mass 
of the earth too small, we shall consider it to be equal to that 
of its volume of water, which, when calculated for equal 
weights, amounts to 0*184.* 

If we accept Laplace's result, that the length of a day has 
remained constant during the last 2500 years, and conclude 

* The oapacitj for tent, as well as the coeflldent of eipiuiMon of taut- 
tec, as a rule, inoreaEes at higher temperatores. As, howevei', these two 
quantities act in opposite waja in our colculaOcns, we maj be allowed to 
dispense with the influence wMcli the high iemperature of the mtecior of 
the earth must eierdae on these numbers. Evon if, in oonsequeiice of 
the high temperature of the inteiior, the earth's masa could have a capa- 
oit; tvo or three times as great as that which it has from 0° to 100°, it 
is to be con^dered, on ihe otlier hand, that the cocffidcnt of cxpiin^on, 
_^^^^, only holds good for solids, and is even small for ihem, whilst in 
the case of liquids we have to assume a much greater coefBcieut ; for met- 
cnry between 0° and 100", it is about sii timts as great. Especially great 
is the contraction and eipanaon of Ijodics when they oliango their state 
of aggregalJon ; and this should be tiilteu into account Wliaa cousidgfinj; 
the formation of the earth's crust. 
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that tlic cavtli's radius has not diminished 1^ dudmtitre in 
consequence of cooling, we are obliged to aasuroe, according 
to the premises stat«d, that the mean temperature of our 
placet cannot have decreased ^'' in the same peiiod of time. 

The volume of the earth amounts to 2650 millions of cu- 
bic miles. A loss of heat sufBcient to cool this masa 536° 
would be equal to the heat given off when the temperature 
of 6,150,000 cubic miles of water decreases 1° ; hence the 
loss for one day would be equal to 6'74 cubic miles of heat, 

Fourier has invesligaf«d the loss of teat sustained by the 
efuth. Taking the observation that the temperature of tho 
earth increases at the rate of 1° for every 30 metres as the 
basis of his calculations, this celebrated mathematician flnds 
tlie heat which the globe loses by conduction through its crust 
in the space of 100 years to be capable of melting a layer of 
ice 3 metres in thickness and covering the whole surface of 
the globe ; this corresponds in one day to 7'7 cubic mUes of 
heat, and ia 2500 years to a decrease of 17 centimetres in 
the length of the radius. 

According to this, the cooling of the globe would be suffi- 
ciently great to require attention when the earth's velocity of 
rotation is considered. 

At the same time it ia clear that the method employed by 
Fourier can only bring to our knowledge one part of the heat 
which is annually lost by the earth ; for simple conduction 
through terra firma is not the only way by which heat escapes 
from oiu' globe. 

In the fli^st place, we may make mention of the aqueous 
deposits of our atmosphere, which, as far as they penetrate 
our earth, wash aw y o t p k p rt'on of the heat, and 
thus accelerate th Im f th lb The whole quantity 
of wafer which f lUs fr m the atm pi upon the laud iu 
one day, howove un t b um d t be much more fliao 
half a cubic nule n lu u I n th ling effect produced 
by this water may b n 1 tin ur ul nlation. The heat 
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tn II 1 f ff by aU llie ttiormal springs in tke ivorld is vciT 
smtll in comparison with tlie quantities which we have to 
cfinaidtii h re. 

Much more important is tlie eifect produced by active vol- 
cano? Aa the heat which accompanies the molten matter to 
the fcurfaee is derived from the store in tlie interior of the 
eoith then action must influence considerably the diminution 
of the ewth 8 heat. And we have not only to consider here 
actuil eruptions which take place in succession or sLmulta- 
neoualj at different parts of the earth's surface, but also vol- 
eanoa m a quiescent state, which continually radiate large 
quantities of heat abstracted from the interior of the globe. 
li we compare the earth to an animal body, we may regard 
each volcano as a place where the epidermis has been torn 
off, leaving the interior exposed, and thus opening a door for 
the escape of heat, 

Of the whole of the heat which passes away through 
these numerous outlets, too low an estimate must not be 
made. To have some basis for the estimation of this losa, 
we have to recollect that in 1783 Skaptar-Jokul, a volcano in 
Iceland, emitted sutEcient lava in the space of sis weeks to 
cover GO square miles of coimtry lo an average depth of 200 
metres, or, in other words, about 1^ cubic miles of lava. 
Tho amount of heat lost by this one eruption of one volcano 
must, when the high temperature of the lava is considered, 
be estimated to be more than 1000 cubic miles of heat ; and 
the whole loss resulting from the action of all tlie volcanos 
amounts, therefore, in aU probability, to thousands of cubic 
miles of heat per omium. This latter number, when added 
to Fom-ier's result, produces a sum v^hich evidently does not 
agree with tlie assumption that the volume of oivr earth has 
remained unchanged. 

In the investigation of the cooling of our globe, flie influ' 
ence of the water of the ocean has to be taken into account 
Fourier's calculations are based on the observations of the in 
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crease of the temperature of the crust of ovtr earth, from tho 
surface towards the centre. But two-thirds of the anrfiice of 
our glohe axe coTCred witli water, and we cannot assume d 
prion that thia large area loses heat at the same rate as tho 
sohd parts ; on the contrary, various circumstances indicate 
Uiat the cooling of our glohe proceeds more quickly throngh 
Ihe waters of the ocean restiag on it than from the solid parts 
merely in contact witli the afmospheiM. 

In the first place, we have to remark that the bottom of 
the ocean is, generally speaking, nearer to the store of heat 
in the interior of the earth than the dry land is, and hence 
that tlie temperature increases most probably in a greater 
ratio from the bottom of the sea towai-ds the interior of the 
globe, than it does ia our observations on the land. Sec- 
ondly, we have to consider tliat the whole bottom, of the eea 
is covered by a layer of ice-cold water, which moves con- 
stantly from the poles to the equator, and which, in its pas- 
sage over sand-banis, causes, as Humboldt aptly remai'ks, 
the low temperatures which are generally observed in shallow 
places. That the wafer near the bottom of the sea, on ac- 
count of its great specific heat and its low temperature, is 
better fitted than the atmosphere to withdraw the heat from 
the earth, is a point which requires no further discussion. 

"We have plenty of observations which prove that tlie 
earth suffers a great loss of heat through the waters of tlie 
ocean. Many investigations have demonstrated the existence 
of a large expanse of sea, much visited by whalers, situated 
between Iceland, Greenland, Norway, and Spitsbergen, and 
extending from lat. 76° to 80° N., and from long. 15'' E. te 
15° "W. of Greenwich, where the temperature was observed 
to be higher ia the deeper water than near the surface — an 
experience which neither accords with the general rule, nor 
agrees with the laws of hydrostatics. Frantlia observed, in 
lat. 77° N. and long. 12° E., that the temperature of the sea 
near the surface was — J°, and at a depth of 700 fathoms 
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+6°. 'Fisher, in lat. 80° N. and long. 11" E., noticed that 
tlic sarfaoc-water had a temperature of 0°, whilst at a doptb 
of 140 fathoma it stood at-]-8°. 

As sea-water, unlike pure water, does not possess a point 
of greatest density at some distance above the freezing-point, 
and as the water in lat. 80° N. is found at som.e depth to fee 
warmer than water at the same depth 10" southward, we caa 
only explain this remarkablo phenomenon of aa ii 
tem.peraturo with an increase of depth by the ( 
som'Oe of boat at the bottom of the sea. The beat, however, 
whi«li is required to warm the wat«r at the bottom of an ex- 
panse of ocean more thaa 1000 square miles in extent to a 
sensible degree, mast amoimt, according to the lowest esti- 
mate, to some cubic miles of heat a day. 

The same phenomenon has been observed in other parts 
of the world, such as tlie west coast of Australia, the Adri- 
atic, the Lago Maggiore, &c. Especial mention sliowld here 
be made of an observation by Homer, according to whom the 
lead, when hauled up from a depth varying from 80 to 100 
fathoms in the mighty Grulf-stream off the coast of America, 
used to be hotter than boiling water. 

The facts above mentioned, and some others which might 
be added, clearly show that the loss of heat suffered by our 
globe diu-ing the last 2500 years is far too great to have been 
without sensible effect on the velocity of the earth's rotation. 
The reason why, in spite of this accelerating cause, the length 
of a day has nevertheless remained constant since the most 
ancient times, must be attributed to an opposite retarding ac- 
tion. This consists in the atti'action of tlie sim and moon on 
the liquid parts of tiie earth's surface, aa explained in the 
last chapter. 

Accordinig to the calculations of the last chapter, the re 
birding pressure of the tides against the earth's rctation 
would cause, during the lapse of 2500 years, a sidereal day 
I to Uie extent of rjth of a second ; as the 
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Iciigtli of a day, lioweyor, liaa remained eoastant, tlie cooling 
effect of the earth daring the same period of time mast have 
shortenecl the day jjih of a second, A diarinution of the 
earth's radius to the amount of 4J metres ia 2500 years, oad 
a daily loss of 200 cubic miles of heat, correspond to this 
effect. Hence, in the course of die last 25 centuries, the 
temperature of the whole mass of the earth must have de- 
creased fi°. 

The not inconsiderable contraction of the earth resulting 
from such a loss of hea,t, t^jeea with iho coniiaual traaefor- 
raationa of the call's surface by earthquakes and volcanic 
eruptions ; and we agree ivith Cordier, the industrious ob- 
server of volcanic processes, in considering these phenomeoa 
a necessary consequence of the continual cooliag of an earth 
wliich is still in a molten state in its iuterior. 

When our earth was in its youth, its velocity of rotation 
must have increased to a very sensible degree, on account of 
the rapid coohng of its then very hot mass. This accelera- 
ting cause gradually diminished, and as the retarding pressure 
of the tidal wave remains nearly constant, the latter must 
finally preponderate, and the velocity of rotation therefore 
continually decrease. Between these two states we have a 
period of equilihriimi, a period when the influence of tlie 
cooling and that of the tidal pressure cotmterbalanee each 
other ; the whole life of the earth therefore may be divided 
into three periods — youth with increasing, middle age with 
uniform, and old age with decreaaiag velocity of rotation. 

The time during which the two opposed influences on the 
rotation of the earth are in equilibrium can, strictly speak- 
ing, only he very short, inasmuch as in one moment the cool- 
ing, and ia the aext moment the pressure of the tides must 
prevail. Ia a physical sense, however, when measured hy 
human staadards, the influence of the cooliag, and still more 
80 tliat of the tidal wave, may for ages be considered con 
stant, and there must consequently exist a period of many 
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tliousantl years' duration during wHch these counteracting 
influences will appear ki be equal. Within this period a si- 
dereal day attains its shortest length, and the veloeity of the 
earth's rotation its maiimuni — circanastaQcea which, accord- 
ing to mathematical analysis, would f«nd to lengthen the du- 
ration of this period of tte earth's existence. 

The historical times of mankind are, according to La- 
place's calculation, to be placed in this period. "Whether we 
are at the present moment still near its commencement, its 
middle, or are approaching ite conclusion, is a question which 
cannot be solved by oar present data, and must be left to fu- 
ture generations. 

The continual cooling of tlie cartli cannot be without an 
iuflaence on the temperature of its surface, and consequently 
on the climate ; scientific men, led by Buffon, in fact, have 
advanced the supposition that the loss of heat sustained by 
our globe must at some time render it an unfit habitation for 
organic life. Such. an apprehension has evidently no foundar 
tion, for the warmth of the earth's sm-face is even now much 
more dependent on the rays of the sun than on the heat which 
reaches us from the interior. According to Pouillet's meas- 
urements, mentioned in Chapter in., the earth receives 8000 
cubic miles of heat a day from the sun, whereas the heat 
which reaches the surface irora the earth's interior may be 
estimated at 200 cubic miles per diem, Tlie beat therefore 
obtained fi-om the latter source every day is but small in com- 
parison t« the diurnal heat received from the sun. 

If we imagine the solar radiation to be constant, and the 
heat we receive from the store In the interior of the earth to 
be cut off, we should have as a consequence various changes 
hi the physical constitution of the surface of our globe. The 
temperature of hot springs would gradually sink down to the 
mean temperature of the eartli's crust, volcanic eruptions 
woidd cease, earthquakes would no longer he felt, and (he 
temperature of the water of tlie ocean would be sensibly ai 
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tered in many places — circumstances which would douhtless 
affect tlie dimate in many parts of the world. Especially it 
may he preaumeil that Western Europe, with its present fa- 
vourahle climate, would become colder, and thoa ferha/pa the 
Beat of the power and culture of our race transferred to tlie 
milder parts of North America. 

Eo this as it may, for thousands of years to come we can 
predict no diminution of the temperature of the surface of 
our glohe as a consequence of the cooling of its interior mass ; 
and, as far as historic records teach, the climates, the tempe- 
vatnres of thermal springs, and the intensity and frequency 
of Folcanic eruptions are now the same as they were in the 
far past. 

It was different in prehistoric times, when for centuries 
the earth's sur&ice was heated by iat«njal fire, when mam- 
moths lived in the now uninhabitable polar regions, and when 
the tree-ferns and the tropical shell-fish whose fossil remains 
are now eapecially preserved in the coal-formation were at 
borne in all parts of the world, 
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THE MECHANICAL EQUIVALENT OP HEAT 



THE vast and miignlliceiit structure of the csperimcntjxl 
sciences tas been erected on only a few pillars. His- 
tory teaches us that the searcliing spirit of loait required 
thousands of years for the discovery of the fundamental prin- 
ciples of the sciences, on which the super structure was then 
raised in a eomparatively short time. Bnt these very funda- 
mental propositions are neverflielcss so clear and simple, that 
the discovery of them reminds us, in more than one respect, 
of Columbus's egg. 

But if, cow that we are at last in possession of the truth, 
we apeak of a metliod by the application of which the most 
essential fundamental laws might have been discovered with- 
out wast« of time, it is not that we would criticize in any light 
spirit the efibrta and achievements of our forerminers : it is 
merely with the object of laying before the reader in an ad- 
vantageous form one of the additions to our knowledge which 
recent times have brought forth. 

The most important — not to say the only — rule for the 
genuine invosligation of nature is, to remain firm in the con- 
viction that the problem before us is to Iciirn to hnov) phenom- 
ena, before seeking for explanations or inquiring a&cv higher 
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caused. Aa sooa as a fact is once known ia all its reiationa, 
it is therein esplaaned, and the problem of science ia at au 
end. 

Hotwiitatanding that some may pronounce thia a trite 
assertion, aaid no matter how many arguments others may 
bring to oppose it, it roraaias none the less certsun that thto 
primary rule has been too often disregarded even up to th< 
most modern times ; while all the speculative operations of 
even the most highly gifted minds which, instead of taking 
firm hold of facts as such, have striven to rise above them, 
have as yet borne but barren fruit. 

"We shall not here discuss the modem naturalistic philoso- 
phy {N'oiwrphUosoj^hie) further than to say that its character 
is already sufficiently apparent from the ephemeral existence 
of its offspring. Bat even the greatest and most meritorious 
of the nataralists of antiquity, in order to explain, for exam- 
ple, the properties of the lever, took refuge in the assertion 
that a circle is such a marvellous thing that no wonder if mo- 
tions, taking place in a circle, ofier also in their turn most 
umiBual phenomena. If Aristotle, instead of straining his 
extraordinary powers in meditations upon the fixed point and 
advancing line, as he calls the circle, had investigated the 
numerical relatioas subsisting between tlie length of the arm 
of the lever and the pressure exerted, he would have laid the 
foundation of an important part of human kaowlcdge. 

Such mistakes, committed as they were, in accordance 
with the sph-it of those times, even by a man whose many 
positive services constitute his everlasting memorial, may 
serve to point ua in the opposite road which leads ua aarely 
to the goal. But if, even by the most correct method of in- 
vestigation, nothing can be attained without toil and industry, 
the cause is to be sought in that divine order of the world 
according to which m.an is made to laho\ir. But it is certain 
that already immeasurably more means and more toil have 
been saeriflted to error than were needed for the discovery of 
the Iratli. 
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The rule wliich must be followed, in order to lay the foim- 
dations of ft knowledge of nature in the shortest coaceivable 
time, may be comprised in a few words. The natural phe- 
nomena with which we eome into most immediate contact, 
and which are of moat frequent occurrence, must be aubjccted 
to a careful examination by means of the organs of sense, 
and this examination must be continued until it results in 
quantitative determinations which admit of being expressed 
by members. 

These numiers are the required fotindations of an exact 
inve^gation of nature. 

Among all natural operations, the free fall of a weight is 
the most frequent, the simplest, and — witness Newton's apple 
— at the same time the most important. Whea this process 
is analysed in the way that has been mentioned, we imme- 
diately seo that the weight strikes against tlie ground the 
harder the greater the height from which it has fallen ; and 
the problem now consists in the determination of the quanti- 
tative relations subsisting between the height from which the 
weight faUfi, the time occupied by it in its descent, and its 
final velocity, and in expressing these relations by definite 
numbers. 

In carrying out this experimental investigation, various 
difficulties have to be contended with ; but these must and 
can be overcome ; and then the truth is arrived at, that for 
every body a fall of sixteen feet, or a time of descent of one 
second, corresponds to a final velocity of thirty-two feet per 
second. 

A second phenomenon of daily occurrence, which is in 
apparent contradiction to the laws of falling bodies, is the 
ascent of liquids in tubes by suction. Here, again, the rule 
applies, not to allow the maxim, velle rsrvm cognoscere causos, 
to lead us into error through useless and therefore harmful 
speculations concerning the qualities of the vacuum, and the 
hko ; on the contrary, we must again examine the phenome- 
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fion with atteation anil awakened senses ; and tlien we find, 
as Booa afe we put a tube to the mouth to raise a liquid, that 
the operation is at first quite easy, but that afterwards it re- 
quires an amoimt of exertion which rapidly increasoa as the 
column of liquid becomes higher. Is there, perchance, an 
ascertainable limit to the action of suction? As soon as we 
oaco begin to experiment in this direction, it can no longer 
escape us that ^ere is a barometric height, and that it attains 
to about thirty inches. This number is a second chief pillar 
in the edifice of humtin knowledge. 

Qaestion now follows question, and answer, answer. Wa 
have learned that the pressure exerted by a column of fluid is 
proportional to its height and to the specific gravity of tlie 
fluid ; we have thus determined the specific gravity of the at 
mosphere, and by this inveaiigation we are led 1o cany np 
our measuring-instrument, the barometer, from tlie plain to 
the mountains, and to express numerically the effect produced 
by elevation above the sea^level upon the height of tlie mer- 
cury-column. Such experiments suggest the question. Whether 
the laws of falling bodies, with which we have become 
acquainted at the surface of the earih, do not likewise un- 
dergo modification at greater distances from the ground. 
And if, as d priori we cannot but expect, this should be really 
the ease, the fhrther question arises, In what manner is the 
number already found modified by distance from the earth? 
We have thus come upon a problem the solution of which is 
attended with many difRculties ; for what has now to he ac- 
complished, is to make observations and carry out moasni-e- 
mente in places where no human foot can tread. History, 
however, teaches that the same man who put the question 
was also able to furnish the answer. Truly he could do so 
only through a rich treasure of aetronomical knowledge. But 
how ia this knowledge to be attained by us ? 

Astronomy is, without question, even in its first principles, 
iie most diflicult of all sciences. Wo have here to deal with 
16 
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objects and spaces wHcli forbid all thonglit of e 
while at the same time the motions of the innumerable heav- 
enly bodies are of so complicated a kind, that astronomical 
Bcience, in its stately unfolding, is rightly considered tJie high- 
est triumph whereof human iiit«lleet here below is ahle to 
boast. 

In accordance with tlie natural rule that, both in particu- 
lars and in general, man has to begin with that which is 
easiest and then to advance step by step to what is more diffi- 
cult, it might well be supposed that astronomy nauat have ar- 
rived at a fiouriehing state of development later than any 
other branch of human knowledge. Bnt it is well known that 
in reality the direct opposite was the case, inasmuch as it was 
precisely in astronomy, aad in no other branch, that the ear- 
liest peoples attained to really sound knowledge. It may, 
indeed, be asserted that the science of the heavenly bodies 
had in antiquity reached as high a degree of perfection as the 
complete want of all the auxiliary sciences rendered possible. 

This early occurrenc* of a vigorous development of as- 
tronomy, which, indeed, was a necessary forerunner of the 
other sciences, since it alone furnished the necessary data for 
the uieasiirement of time, is observable am.ong the most va- 
rious races of mankind : the reason of it, moreover, lies in 
the nature of things, and in the constitution of the human 
mind. It furnishes a remarkable proof that a right method 
is the most important condition for the succossftd prosecution 
of scientific inquiry. 

The explanation of this phenomenon lies in the fact that 
the need which was felt at a very early period, of a common 
standard for the comp«tation of time, made it necessary to 
institute observations such that their i-esnlts required to be 
expressed by definite mtmbars. There was a felt necessity of 
determining the time in which the sun accomplishes his cii"- 
euit through the heavens, as well as the time in which the 
moon goes through her phases, and other similar qaestions. 
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In order to meet thia necessity, there was no temptation to 
take np the Boot of Nature, after the mannei" ot expositors 
and critiea, merely to cover it with glosaea ; 

"Mit eitl6rE«de wirJ hier nichts gesohnfi't." 

It was nwnhers that were sought, and numbers that were 
found. The oyerpoweriug force of cireumstancee constrained 
the spirit of inquiry into the right path, and therein led it at 
once from auceesg to success. 

Now that after long-continued, accurate, and fortunate 
obBerratioiia the needful knowledge of tlje coiu'sea and <lis- 
taaces of the nearest heayenly bodies, aa well aa of the figure 
and size of the earth, has been acquired, we are in a position 
to treat the question. What is the numerical influence exerted 
by increased distance from the earth upon the known laws of 
falling bodies? and we thus arrive at the pregnant discovery 
tliat, at a height equal to the earth's semidiametor, the dis- 
tance fallen through and the final velocity, for the first eeeoad, 
is four times less than oa the surfaoe of the earth. 

In order to pursue our inquiry, let us now return to the 
objects which immediately aurroand us. From the earliest 
times, the phenomena of combustion must have claimed in an 
especial degree the attention of mankind. In order to ea> 
plain them, the ancients, in accordance with the method of 
their naturalistic philosophy, put forward a peeidiar upwsird- 
striving element of Fire, which in conjunction with, and in 
opposition to, Air, Water, and Earth, constituted all that ex- 
isted. The necessary consequence of this theory, which they 
discussed with the most acute sagacity, was, that in regard to 
the phenomena in question and all that related to them, thoy 
remained in complete ignorance. 

Here, again, it is quantitative determinations, it is num- 
bers alone, which put the Ariadne's cine in our hand. If wo 
want to know what goes on during tlie phenomena of coni- 
oiistioa, we must vmgh the substances before and atler they 
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ate bomed ; and here tte knowledge we have already ac 
quired of the weiglit of gaseous hodies comes to our aid. 
We then find that, in every case of combustion, swbstaucea 
which previously existed in a separate state eater info an infi 
mate union with each other, and that the total weight of the 
substances remainfl the same both before and after the combi- 
nation. We thus come to know the different bodies in their 
separate and in their combined states, and leam how to trans- 
form them from one of these states into the oilier ; we learn, 
for instance, that water is composed of two kinds of air which 
combine with eacli otier in the proportion of 1; 8. An en- 
trance into chemical science is thus opened to ua, and the nu- 
merical laws which regulate the combinations of matter {dw 
Stdchiometrie) hang like ripe fi^it before us. 

As we proceed fiirther in our investigations, we find that 
in all chemical operations — combinations as well as decompo- 
sitions — changes of temperature occur, which, according to 
the varying circumstances of different cases, arc of all de- 
grees of intensity, from the most violent heat downwards. 
We have measured quantitatively the heat developed, or 
counted the number of heat-units, and have so come into pos- 
session of the law of the evolution of heat in chemical pro- 

We have long known, however, that in innumerable cases 
heat makes its appearance where no chemical action is going 
on ; for instance, whenever there is friction, when unelaatic 
bodies strike one another, and when aOriform bodies are com- 
pressed. 

What then takes place when heat is evolved in such ways 
as these? 

We are taught by history that in this case also die mosit 
sagacious hypotheses concerning the stale and nature of a 
peculiar "matter" of heat, concerning a "thermal tether," 
whether at rest or in a state of vibration, concerning " ther- 
mal atoms," supposed to exercise their functions in the inter. 
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Btices betweca the material atoms, or other hypotheses of like 
nature, have not availed to solve the problem. It is, notwith- 
standing, of no less wonderfully simple a nature than the laws 
of the leyer, about ■which the founder of the peripatetic phi 
losophy cudgelled his brains in vain. 

AiUr what has gone before, the reader cannot be in any 
doubt about what is the course now to be pursued. We must 
again make quantitative determinations: we must measuro 
and count. 

If we proceed in this direction and measure the quantity 
of heat developed by mechanical agency, as well as the 
amount of force used up in producing it, and compare these 
qnantities with each other, we at once find that they stand to 
each other in the simplest conceivable relation — that is to say, 
in an invariable direct proportion, and that the proportion also 
holds when, inversely, mechanical force is again produced by 
the aid of heat. 

Patting these facts into brief and plain language, we may 

Heat and motion are transformable one into the other. 

We cannot and ought not, however, to let this suffice ua. 
We reqau-e to know how mach mechanical force is needed for 
the production of a given amount of heat, and conversely. 
In other words, the law of the invariable quantitative relation 
between motion and heat mnat be expressed numerically. 

When we appeal hereupon to esperiment, we find that 
raising the temperature of a given weight of wat«r one degree 
of the Centigrade scale corresponds to tlie elevation of an 
eqnal weight to the height of about 1,200 [French] feet. 

This ww«&ei- ia the Mechanical Equivalent of Huat. 

The production of heat by friction and other mechanical 
operations is a fundamental faet of such conata,nt oecorrenee, 
that the importance of its establishment oa a scientific basis 
will be recognized by naturalists without any preliminary 
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enumeration of its useful applicfttiona ; and, for tlie same 
reason, a few historical remarks touching the circumstances 
attending the discovery of the foregoing fundaincatal law, 
w'ai not be out of place here. 

In the summer of 1840, on the occasion of hkeding Eu- 
ropeans newly arrived in Java, I made the observation that 
the blood drawn from the vein of the arro possessed, almost 

without exceptioH, a surprisingly bright red colour. 

This phenomenon rivelJid my earnest attention. Starting 
from Lavoisier's theory, according to which animal heat is 
the result of a process of combustion, I regarded the twofold 
change of colour which the blood undergoes in the capillaries 
as a sensible sign — as the visible indication — of an oxidation 
going on in the blood. In order that the human body may 
be tept at a uniform temperature, the developm.i!nt of heat 
within it most hear a qaantitative relation to the heat which 
it loses — a relation, that is, to the temperature of the sur- 
rounding medium ; and hence both the production of heat 
and the process of oxidation, as well as the difference in col- 
our of the two hinds of hlood, must be on the whole less in 
the torrid zones than in colder regions. 

In accordance with this theory, and having regard to the 
known physiological facts which bear upon the (j^uestion, the 
blood must be regarded as a fermenting liquid undergoing 
slow combustion, whose most important function — that is, 
sustaining the process of combustion — is fulfilled without the 
constituents of the blood (with the exception, that is, of the 
products of decomposition) leaving the cavities of the blood- 
vessels or coming into such relation with the organs that an 
interchange of matter can take place. This may be thus 
stated in other words : by far the greater part of the assimi- 
lated food is burned in the cavities of the blood-vessels them- 
selves, for the purpose of producing a physical effect, and a 
comparatively small quantity only servos the less importaal 
end of ultimately octcring the substance of tlie organs ihem 
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Belves, so as to occasion growth and the renewal of the worn- 
out solid parts. 

If hence it follows that a general balance must he ati-uck 
in the organism between receipts and expenditure, or between 
work done and wear and tear, it is unmistakably one of the 
moat important problems with which the physiolo^st has to 
deal, to make himself as thoroughly acquainted fw it is possi- 
ble for him to be with the budget of the object of his exami- 
nation. The wear and tear consists in the amount of matter 
consumed ; the work done is the evolution of heat. This 
latter effect, however, is of two kinds, inasmuch as the ani- 
maA body evolves heat on the one hajid directly hi its own 
interior, and distributes it by communication to the objects 
immediately surrounding it ; while, on the other hand, it 
possesses, throngh its organs of motion, the power of produc- 
ing heat medianieaUy by Mction or in similar ways, even at 
distant points. We now reqmre to know 

Wketh^ the heat directly evolved is alone to he laid to the 
account of the "process of combustion, or whether it is the sum 
of the heat evolved hoth directly and indirectly that it is to be 
taken into calculation. 

This is a question tliat touches the very foundations of sci- 
ence ; and unle^ it receives a trustworthy answer, the healthy 
development of the doctrine concerned is not possible. For 
it haa been already shown, by various examples, what are 
the consequences of neglecting primary quantitative det«rmi- 
nations. No wit of man is able to furnish a substitute for 
what nature offers. 

The physiological theory of combustion starts iVom the 
fundamental proposition, that the quantity of heat which re- 
sults from the combustion of a given substance is invariable — 
that is, that its amount is v^imfhtenced by the circumstances 
which accompany the combustion ; whence wo infer, " in sp©- 
tie" tliat the chemical effect of combustible matter can un- 
dergo no alteration in amount even by the vital process, ot 
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that tlic liviug organism, with all its riddles and marvels, can- 
not create teat out of notHng. 

But if we hold firm to this pliysiological axiom, tho an 
,swcr to the question started ahove is already given. For, 
unless wo wish to attribute again to the organism the power 
of ci'eating boat which has juat been denied to it, it cannot be 
asaomed that the lieat ■which it produces caa ever amount to 
more thaa the chemical action which takes place. On tlie 
combuation-theory there is, then, no altemaliye, short of sa- 
crifloing the tlieory itacif, but to admit that the total amount 
of heat evolved by the organism, partly directly, and partly 
indirectly by mechanical action, corresponds quantitatively, 
or is equal to the amount of combustion. 

Hence it follows, no less inevitably, fliat the Iteat produced 
meckanically iy the organism must hea/r wn invariable quantUa- 
twe rda^n to the laork expended in producing U 

For if, according to the varying oonstraction of the me- 
diaaieal ajrangementa which serve for the developmeat of 
the heat, the same amount of work, and hence the eame 
amount of organic comLustion, could produce varywg quanti- 
ties of heat, the quantity of heat produced from one and the 
sarae expenditure of material would come out smallei at cne 
time and larger at another, which is contrary to our aasunqi 
fion. Further, inasmucli as there is no difference in Ijnd be- 
tween the mechanical performancea of the anim'U body and 
those of other inorganic sources of work, it follo'ss a tliit 

AN INVAKIAELE QUANTITATIVE RELATION BErWEEN HEAT 
AND WOEK 13 A POSTULATE OF THE PHYSIOLOGICAL TIIEOEI 
OE COMBUSTION, 

"While following in general the direction indicated, it was 
accordingly needful for me in the end to fix my attention 
chiefly on the physical connection subsisting between motion 
and heat ; and it waa thua impossible for the existence of the 
mechanical equivalent of heat to remain hidden from me. 
But, although I have to thank an accident for this discovery, 
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it 18 none tke less my own, and I do not heeifate to assert my 
right of priority. 

la order to ensure what had been thus discovered agaiast 
casnalfiea, I put together the most important points in a short 
paper which I sent in the spring of 1842 to liehig, with a 
request that he wonld insert it in tlie Annalen der Chemie rnii} 
Pho/rmacie, in the forly-second volume of which, page 2S3, it 
may he found under the title " Bemerkungen iiher die Krafte 
der unbelebten Natur." 

It waa a fortunate circumstance for me that the reception 
given to my unpretending work by this man, gifted with so 
deep an insight, at once secured for it an entrance into one of 
the first scientific organs, and I seize this opportunity of pub- 
licly testifying to the great naturalist my gratitude and my 
esteem. 

Xiiehig himself, however, had about the same time already 
pointed out, in more general but still unmistakable terms, the 
connection subsisting between heat and work. In particular, 
he asserts that the heat produced mechanically by a steam- 
engine is to be attributed solely to the elFect of combastiou, 
which can never receive any increase through the f ict of iti 
producing mechanical effects, and, through these, ag im devel- 
oping heat. 

From those, and from similar expressions of othei scien- 
tific men, we may infer that ecicQce has lecently entered upon 
a direction in which the existence of the mcchaniail equiva- 
lent of heat could not in any ease have lemamed longer im 



la the paper to which reference his huiu made, the nai- 
uial law with which we are now concerned Vn refeired \ ick 
to a few iandamental conceptions of tiie human mind The 
proposition thit a magnitude, which does not apiinn from 
nothm^, cannot be annihilated, is so simple anl ekar that no 
vahd aigumcnt can he urged against its truth, any more tliau 
Bgvin&t an axiom of geometry; and until the contriry is 
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proved by some fact establiaied Ijoyond a doubt, wo may no 
cept it as true. 

Now we are taught by experience, tliat neither motion nor 
heat ever takes its rise except at the expense of some meas 
urable object, and that in innumerable cases motion disap- 
pears without any thing except heat mating its appearunce, 
The axiom that we have establiahed leads, then, now to the 
conclusion that the motion that disappears becomes heat, or, 
in other words, that both objects bear to each other an inva- 
riable quantitative relation. The proof of this conclusion by 
the method of experiment, the eatftblishment of it in all its 
details, the ti'aeing of a complete harmony subsiafing between 
the laws of thought and the objective world, is tlie most iater- 
esting, but at the same time the most comprehensive problem 
that it is possible fo find. What I, with feeble powers and 
without any external support or encouragement, have effected 
in this direction is tmlj little enough ; but — ultra posse nemo 
obligattis. 

In the paper referred to (the first of Mayer's in the pres- 
ent volume) I tave tlius expressed myself with regard to the 
genetic connection of heat and moving force : 

" If it be now considered as established that in many 
cases (^BiECepUo eonjirmat regulam) no other effect of motion 
can be traced except heat, and that no other cau^e than motion 
can be found for the heat that is produced, we prefer the as- 
sumption that heat proceeds from motion, to the assumption 
of a cause without effect and of an effect without a cause — 
just as the chemist, instead of allowing oxygen and hydrogen 
to disappear without further investigation, and water to bo 
prodaced in some inexplicable manner, establishes a connec- 
tion between oxygen and hydrogen on the one hand and water 
on the other." 

From this point there is but one stop to be made to the 
goal. At page 257 it is said : " The solution of the equa- 
tions subsisting between falling-force [that is, the raising of 
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weight] and motion requires tliat the space fallen tlirougli in 
a ^ven time, e. g. the first second, should be experimentally 
determined ; in like manner, the solution of the equations 
subsisting between falling-force and motion on the one hand 
and heat on the other, requires an answer to the question, How 
great is the quaotity of heat which corresponds to a givea 
quantity of motion or falling-force ? For instance, we must 
ascertain liow high a given weight requires to be raised above 
tlie ground in order that its falling-force may be eqiuvalent to 
the raising of the temperature of an equal weight of water 
from 0° to 1° C. The attempt to show t]iat such an equation 
is the expression of a physical truth may he regarded as tho 
substance of the foregoing remarks. 

" By applying the priuciples that have been set forth to 
the relations subsisting between the temperature and the vol- 
ume of gases, we find that the sinking of a mercury column 
by which a gas is compressed is equivalent to the quanilty of 
heat set fire by the compression ; and hence It follows, the 
ratio between the capacity for heat of air under eoastant press- 
ure and its capacity under constant volume being taken as 
— 1-421, that the warming of a given weight of water from 
0° to 1° C. corresponds to the fall of an equal weight from 
the height of abont 365 metres." 

It is plain that the expression " equivalent" is here used 
in quite a different sense from what it bears in chemistry. 
The difference will be shown most distinctly by an example. 
When the same weight of potash is neutralized, first, with 
sulphuric acid, then with nitric acid, the numbers which ex- 
press the ratio which the absolute weights of these three sub- 
stances bear to oni another are called their equivalents ; but 
there is no thought here either of tlie quantitative equality oi 
of tlie transformation of the bodies in question. 

This peculiar signification which the word "equivalent' 
baa acquired in ehembtry, is doubtless connected with the 
fact thiit the chemist lias been able to determine the object of 
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Ilia iaveKtigation by a common quantitative sfimdafd, thuir ab 
solute weiglits. Let na suppose, however, that we could de- 
termine one body, for instance water, only by weight, and 
another, wateivforming or explosive gas, only by volnmo, and 
that we had agreed to choose one pound as the unit of weight, 
and one cubic foot as the unit of volume ; we shoald then have 
to ascei-tain tow many cubic feet of explosive gas could be ob- 
tained from one pound of water, and conversely. This num 
ber, without which neither the formation nor the decomposi- 
tion of water could be made the subject of calculation, might 
then be suitably called " the explosive-gas eqaivalent of wa- 
ter." 

In this latter sense a raised weight might, in accordance 
with the known laws of mechanics, be called tlie " equiva- 
lent " of the motion resuliing from its fall. How, in order to 
compaa-e these two objects, tlie raised and tie moving weight, 
which admit of no common measure, we require that con- " 
etant number which is generally denoted by g. This number, 
however, and the mechanical equivalent of heat, whereby tlie 
relation subsisting between heat and motion is defined, belong 
both of them fo one and the same category of ideas. 

In tlio paper that I have mentioned it is fm'ther shown 
how we may arrive at such a conception of force as admits 
of being coMistenfly followed to its consequences and is sci- 
antifically tenable ; and the importance of this subject induces 
me to return to it again here. 

The word " force" (Kraft) is used in tlie higher or scien- 
tific mechanics in two distinct senses. 

1. On the one hand, it denotes every push or pull, every 
effort of an inert body to 'ihange its state of rest or of mo- 
lion ; and this effort, when it is considered alone and apart 
from the result produced, is called " pushing force," " pulling 
force," or shortly " force," and also, in order to distinguish 
between this and the following conception, " dead force " {vU 
mortua). 
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IT O til th lad the product of the pressure ialo 
1 p th h wh h t acta, or, again, tlie product — or 
half p lu t — ff tl m iato the square of the velocity, is 
uaiu d f In d that motion may actoaJly occur, it 

n fa t n e^ irj that th mass, whatever it may be, should 
under the influence of a pressure, and, in the direction of that 
pressure, traverse a certain space, "the effective space" 
( WirJcmigsramn) : and in this case a magnitude which is pro- 
portional to the " pushing force " and fo the efiective space, 
likewise receives the name " force ; " but to distinguish it 
from the mere pushing force, by which alone motion is never 
actually brought about, it is also called the " vis viva of mo- 
tion," or " moving force." 

With the generic conception of " force," the higher me- 
chanics, as an essentially analytic science, is not concerned. 
In order to arrive at it, we must, according to Uie general 
rule, collect together the characters possessed in common by 
the several species. As is well known, the definition so ob- 
tained runs thus — " Force is every thing which brings about 
or lends t« bring about, alters or tends to alter motion," 

This definition, however, it is et^y to see, is tautological ; 
for the last fourteen words of it miglit be omittod, and the 
sense would be still the same. 

This erroneous solution is occasioned by tlic nature of the 
problem, which requires an impossibility. Mere prcssiu'e 
(dead force) and tho product of the pressui-e into the effective 
space (living force) are magnitudes too thoroughly unlike to 
be by possibility combined into a generic conception. Press- 
ure or attraction is, in the theory of motion, what affinity is 
in chemistry — an abstract conjeption : living force, like mal^ 
ter, is concrete ; and ibese two kinds of force, however closely 
connected in the re^on of the association of ideas, are in 
peality so widely separated that a frame which shoidd take 
them both in must bo able to include the whole world. 

There are several conceivable ways of eseapiog from the 



Hosted .vGoogle 



EQUIVALENT OF 1 

difficulty. For instance, Just as we speak of a. 
epeciflc ■vveiglit, and combining weiglit, witlioTit its over enter 
ing any one's head to want to construct a generic idea out of 
these distinct notions, so two or more meanings naay bo at- 
tached to the word force. This ia what is actually done in 
the higher mechanicsj and hence in this branch of science wa 
meet with no mention of a generic conception of " force." 

There has beea no lack of recommendations to carry, in 
like manner, the notions of " dead" and " living force" as 
distinct and separate through the other departments of sci- 
ence ; it haiS, however, been found impoasible fo put in prac 
tice such recommendations ; for the use of ambiguous ex 
pressions, which can in no case contribute any thing to clear- 
ness, is altogether inadmissible if confusion can possibly arise. 
It is true that the mathematician is in no danger of confound- 
ing in his calculations a product with one of its factors ; but 
in other departments of knowledge a systematic confusion of 
ideas exists on tliis point ; and if any thing is to be done 
toward clearing it up, the source of the error must be stopped ; 
for if we once recognize two meanings of the word " force," 
it would be the labour of Sisyphus to try fo distinguish be- 
tween them in each separate case. In order, then, to arrive 
at any result, we must make np our minds to do without any 
coaunon denomination of the magnitudes mentioned above, 
as I. and II., and either to give up the use of the word 
" force " altogether, or to employ it for one only of those two 
categories. 

The notion of force was consistently employed in the lat- 
ter sense by Newton. In solving his problems, be decom- 
poses the product of the attracl^ron into the effective space 
into its two factors, and calls the former by the name " force." 

As an objection to this mode of proceeding, it must, how- 
ever, he remarked that in many cases it ia not possible thus 
to decompose the product in question. Let us take, for in- 
stance, the following very simple case ; a mass M, originally 
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it rest, is caused to move with the (uniforiii liual) vtiloc^ity c; 
from the knowledge of the maguitudes M and c it is certainly 
poasible to deduce the value of the prodnct of the force (in 
Newton's sense) into il« effective space, but we are not thereby 
enabled to conclude as f« the magnitude of this force itself. 

As a matter of faot, the necessity soon made itself felt of 
treating and naming this product as a whole. It also has 
^eell called " force," .and the expressions " vis viva of motion," 
" moving force," " working force," '"horse-power" (or force), 
" mtiaeular force," &c,, have been long naturalized in science. 

However happy wo may, in many respects, think the 
choice of this word, there is still the objection tJiat a new 
meaniag has been fised upon an already existing technical 
expression, without the old one having been called in from 
circulation at the same time. Thia formal error has become 
a Pandora's box, whence has sprung a Babylonian confusion 
of tongues. 

Under existing circamstances no choice is left us but to 
withdraw the term " force " either from Newton's dead force 
or from lieibnitz's living force ; but in either case we come 
into conflict with prevailing usage. But if once we have 
made up our minds to introduce into our science a logically 
oocurato use of terms, even at the cost of existing expressions 
which have become easy and pleasant to us by long usage, we 
cannot long hesitate in the choice wo have to make between 
the conceptions I. and II. 

Lot us consider the elementary case of a maas, originally 
at rest, which receives motion : this happens, as baa been al- 
ready said, by the niass bbing subjected to a certain push or 
pull under the influence of which it traverses a certain space, 
the effective space. How, however, both the velocity and 
also the intensity of the push (Newton's force) always vary 
sit every point of the effective space ; aad in order to mul- 
tiply those variable magnitudes into effective space, that is, 
to deduce the quantity of motion from the intensity of tha 
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pushing force, we must call in the aid of the Hyhei mathe- 
matics. 

But lieuce it follows that, except in statics, where the ef- 
fective space is nought and the pressure constant, the New- 
tonian conception of force is available only in the higher 
brandies of mechanics ; and it ia plainly not advisable so to 
ch-oose our conception of *' force " that it cannot be consist 
ently employed in that branch (namely, the elementary partfl 
of the theory of motion) which of all others ia chiefly con- 
cerned with fundamental notions. 

It is, toweTer, a totally mistaken method to try to adapt 
the idea of a force, such as graTity, conceived in Newton's 
sense, ia the elementary parts of science, by leaving out of 
consideration one of its most important propei-ties, namely its 
dependence on distance, and to make a " force " out of Gali- 
leo's gravity thus inexactly and in some relations most incor- 
rectly conceived. Some siidi ideal force (No. III.) seems 
to hover before the minds of most writers on natural science 
as the original type of a "force of nature." 

Such quantitative determinations as hold good only ap- 
proximately and aader certain conditions ought never to be 
employed to establish definitions. In a calculation, it is trae, 
wo may correctly enough take am arc, which is sufficiently 
small in comparison with the radius, as eqiiai in size to the 
sine or to the tangent ; but if we attempted to use such a rela- 
tion in settling first principles, we should lay a foundation for . 
falhwiies and errors. 

The Newtonian idea of force, however, transplanted in 
tlic manner that is commonly done into the re^on of element- 
ary science, ia no whit better than the notion of a straight 
curve. Kewton's force, or attraction, in specie gravity, g, is 
equal to the differential quotient of the velocity by the time ; 

that is, g=-y Tliia expression is quite exact, but in order to 

understand and apply it a Imowledge of the higher mathoniat 
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ics is required. Oa the othci hand, it is quite true tliat, ao 
long as we have to do only witli caaes in whioli the spaeo 
fallen througli is so small in compiiison with, the earth's semi 
diametar that it may be disiegardedj the equation just given 

may be abhreviated into the \eiy convenient form 9^=~. witli- 

out any considerable error ; but this expression can never be' 
matheniatically exact so long as the space fallen ihrough Las 
any calcnlabla magnitude. But on the strength of an equa- 
tion thus radically inaccurate, there are plautcd in the rccep 
liye mind of youth such false notions as — that gravity is a 
unifonnly accelerating ( ?) force, a moving ( >') force whose ac 
tion is proportional to the time ( ?) ; that force is directly pro 
portional (?) to the velocity produce 1 , and many otha like 
errors. 

It would certainly bo a great meiit it authors of titaliMS 
on physics would help to remedy this 'itate of thmga, and m 
framing their definitions would stsirt only fiom thoioughly 
exact determinations of magnitudes , for elemcntaiy pli> sics 
in its present form, instead of being a ■« eU ^Tonndcd scitnce, 
is only a sort of half-knowledge, such that on passing to the 
higher and strictly scientific departments the studtat must 
liy fo forget its principles and theorems as quickly as ho cm 

If we have once convinced oui selves by unprejudiced 
esanaination that the retention, under that name, of the con- 
coptioa of force distinguished above by I has nothing but it=i 
ori^ to recommend it, but mEcli to condemn it, tho root fol- 
lows almost spontaneously It accords with the laws of 
thought, as well a'> with tJic cinamoa usage of language, tc 
connect every production of motion with an expenditme of 
force. Hence " foj ee " is — 

Something wJmh m expended tn p'^dnomg vwtiun , and 
this something which is expended n to be looked upon la d 
cause equivalent to tho cffi. t, namely, to the m tun ( lo 
duced. 



Hosted .vGoogle 



S3G THE MECHANICAL EQUIVALENT OF UEAT. 

This defiuilioa not only corresponda perfectly with facta, 
but it accords as far aa possible with that which already ex- 
ists ; for, as I shall show, it contains by implication the con- 
ception of force as met with in the higher meehaaics, and re- 
ferred to above fcy II. 

If a mass M, originally at rest, wliile traversing the effect- 
ive space s, under the influence and in the direction of the 
pressure^, acquires the velocity c, we liave|)s=Mc'. Since, 
however, every production of motion implies the existence of 
a pressure (or of a pull) and an effective space, and also the 
eihauation of one at least of these factors, the eiFective space, 
it follows that motion can never come into existence except 
at the cost of this product, ys=Mc'. And this it is which 
for shortness I call " force." 

The connection between expenditure and performance (in 
other words, the exhaustion of force in producing its effect) 
presents itself in the simplest form in the phenomena of grav- 
itation. The necessary condition of every falling motion is 
that the centre of gravity of the two masses concerned in it 
(that is, of the earth and of the falling weight) should ap- 
proach each other. But in the case of the falling together of 
the two masses, the approach of their centres of gravity 
1 limit, and hence the production of a fall- 
s thus bound up with aa expenditure, namely, 
with the exhaustion of the given falling-space, and thereby 
also of the product of that space into the attraction. The 
falling down of a weight upon the earth is a process of me- 
chanical combination ; and just as in combustion the capacity 
of performance (that is, the condition of tJie development of 
heat) ceases when the act of combination comes to an end, so 
also the production of motion ceases when the weight has 
fallen to its lowest position. Tlie weight, when lying on the 
solid ground, is, like the carbonic acid formed in combustion, 
nothing but a captit mortuum. The affinity, whether mechan- 
ical or chemical, is still tliere after the union just as much as 
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before, and opposes a certain resistance to f]ie reduction of 
the compound ; bnt its power of performance {Leistungs- 
fuhigJceit) is at an end as soon as there is no fui-ther available 
falling-Bpace. 

Whenever the attraction becomes Indefinitely small, or 
ceases altogetlier, space is no longer effective space ; and thna 
it follows, from the diminution which gravity undergoes with 
distance, tliat faHing-space is limited in the centrifugal direc- 
tion also, and hence that the cause of motion or " force " is, 
under all circumstances, a finite magnitude which becomes 
eshausted in producing its effect. 

This fundamental physical truth will be most easily per- 
ceived when applied to a special case and reduced to figures. 
When a pound weight is lifted one foot from the ground, the 
avmlable force is, as every one knows, =one foot-pound. If 
the falling-height of this weight amonnts to n feet, n not be- 
tag a large number, the force may be taten as approximately 
=:» foot-pounds. But supposing n, or the original distance 
of the weight from the earth, to be very considerable, or in- 
deed infinite, the force (that is, the uKmbor of foot-pounds) 
does not by any means thereby become infinite, but, according 
to Newtoo's law of gravitation, it becomes at most =r foot- 
pounds, where r is the mmibep of feet contained in the earth's 
semidiameter. Thus how great soever the distance throngh 
which a weight faDs against the earth, or the time occupied 
by its fall may be, it can acquire no higher final velocity than 
34,450 Paris feet per second. On the other hand, were the 
mass of the earth foor times as great as it is, its bulk remain- 
ing the same, the force would likewise become four times as 
great, and the maximum velocity would be 68,900 feet. 

It is one of the essentials of a good terminology that it 
should put fundamental facts of this kind in a clear light ; 
exactly tlie opposite, however, is done by the nomenclature at 
present in use. A few expressions, employed by a very meri 
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torious naturalist in eombating my views, may sen-c to sup- 
port tliia assertion. 

" Although," he says, " it is quite true that in nature no 
motion can be annihilated, or that, as it is commonly ex- 
pressed, the quantity of motion once in existence continues 
unceasingly and without any lessening, and altliough in this 
eeoae the character of indestructibjlity belongs to every prox- 
imate cause even, every primary cause, that is, every true 
physical force, possesses the additional characteristic of being 
inexhaustible. These cbaiaeteristies will best admit of being 
unfolded by the closer consideration of gravity, the moat 
active and widely diffused of the catui'al forces (primary 
causes), which, as it were the soul of the world, indestructi- 
bly and inexhaustibly upholds the life of those great masses 
on whose motions depends the order of flie universe, while 
requiring no food from without to call fortli its ever renewed 
activity." 

If these words are intended to contain a material contra- 
diction of the views I have put forward, they must be meant 
to imply that, by virtue of its being inexhaustible, the attract- 
ive power of the earth must be capable of imparting to a fall- 
ing weight, mider certain conceivable circnmstanceB, an infin- 
ite velocity. But oar author himself in several places lets us 
see that he has a (quite well-founded) mistrust of any so de- 
cided a conclusion : this is shown in the following, among 
other passages : " If we follow up tlie chain of causes and 
effects to its first beginnings, we come at length to the true 
forces of nature, to those primary causes whose activity does 
not require that they shoidd be preceded by any others, which 
ask for no nourishment, but which can ever call fortli new 
motions, as it were, out of an ineshaustibla soil, and can 
uphold and quicken those that are already in being." 

Again : " If the moon every moment falls, at least vir- 
tually, a certain distance toward the earth, what is the force 
which the next moment pulls it away again, as it were, in 
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ardor to give rise to a new falliag force ? It is precisely its 
indestructibility and inesliaiisfiljility, its power at all fames 
and uader all cireumatances to bring about without ceaising, 
at least virtually, tlie same effects, that is the essence of every 
true force or primary cause." 

This " as it were " and " at least virtnally," which always 
slips in at the critical moment, affords room, for the suspicion 
that our author is himself not quite confident of the power 
of his " true natural causes " to give rise to an inexhaustible 
amount of motion (of actual exertion of force) ; and the in- 
definiteuesa of these expressions is quite characteristic of the 
rrotean part which the force of gravity plays in writings on 
natural science. The most arbitrary explanations are given 
of this word, and then, when facts no longer admit of any 
thing else, a retreat is sought in the Newtonian conception. 

Gravity being called a force, and at the same time the 
term force being connected, in accordance with the common 
,use of language, with the conception of an object capable of 
producing motion, leads to the false asaumptioo that a me- 
chanical effect (the piwduciion of motion) can be produced 
without a corresponding expenditure of a measurable object ; 
and heie is likewise plainly the reason why our author could 
neither keep cleai in his facts nor consistent in his n 
If once the production of motion out of nothing 
the anmhilatioa of motion muBt also he admitted as a conse- 
quence , aad the magnitude of motion must, m accordance 
with this assumption, be simply proportional to the velocity, 
or —Mc, and the "quantity of motion once in existence" 
most be =+Mg — Me=0. But notwithstanding his "inex- 
haustible forces," the writer leferred to expressly declares 
that motion is indestroctible ; oui, instead of stating his opin- 
ion as to what becomes of motion which disappears by fric- 
tion, he says in another place again that it remains " unde- 
cided" whether the effect of a force (the amount of motion 
produced by it) is measured by the first or by the second 
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power of the velocity (that is, whether it is or is not do- 
Btractible) : he even appears, from repeated expressions, to 
hold it possible that a given quantity of heat can produce mo- 
tion ad infinkvm t If snch were the case, it would certainly 
be useless to consider the convertibility of these magni- 
tudes : the ground would rather have been won for tho contact 
theory. 

The polemics of my respected critic, whom I have here 
introduced as the representative and spokesman of prevailing 
views, and to whom I feel that my sincere thanks are due for 
his attentive examination of my first publication, appear to 
me to be necessarily without result, inasmuch as the first 
problem in combating my assertions, which all revolve about 
the one point of an inyariablo quantitative relation between 
heat and motion, must be to find out that this relation is Ta- 
piahle, and in what cases. Formal controversy without a 
material basis is only beating the air ; and as to what relates 
specially to the questions about force, the first point to con- 
sider is, not what sort of thing a " force " is, but to what 
thing we shall give the name " force," Backwards and for- 
wards talk about ^^vityis fruitless, since all who understand 
the matter are agreed as to its nature ; for gravity is and re- 
mains a differential quotient of the velocity by the time, di- 
rectly proportional to the attracting mass, and inversely pro- 
portional to the square of ihe distance : on this point a final 
decision was come to long ago But whethei' it is espedient 
to call this magnitude a force is quite another question. 

Since, whenever an innovation of essential importance is 
proposed, the public is so ready to misapprehend, I wDl here 
state once more, as clearly aa I can, my reasons for saying 
that "the force of gravity" is aa improper expression. 

It is an unassailable truth that the production of every 
tilling motion is connected with a corresponding expenditure 
of a m.ea3urable magnitude. This magnitude, if it is to he 
made an object of scientific investigation (and why should il 
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not ?) , must Lave a name given to it ; and in accordance with 
(lie logical instinct of man, as manifested in the genius of lan- 
guage, no other name can be liere chosen than the word 
" force." Bat since this expression is already used in a quite , 
different sense, we might be tempted to create for the concep- 
tion which is aa yet— in the fundamental parts of science at 
least — ^unnamed an entirely new name. But before betaking 
ourselves to this extreme course, which for reasons that aro 
not far to seek would be the on© whereby we should be 
brought most into conflict witb existing usage, it is reasonable 
to inquire whether the word " force," which in itself answers 
so well to the requirements of the case, ia in its right place 
where it was first put by the schools. 

According to the common custom of speech, we uoder- 
Btand by " force " something moving — a cause of motion ; and 
if, on the one hand, the expression " moving force " is for 
Ihis reason, strictly speaking, a pleonasm, the notion of a not 
moving or " dead" force is, on tlie other hand, a conkaMdio 
in odjedo. If it be said, for instance, that a load which 
presses with its weight on the ground exerts thereby a force — 
& force which, though never so great, is unable of itself to 
bring about the smallest movement — the mode of conception 
and of expression is quit« justified by scholastic usage, but it 
is eo far-fetched that it becomes the source of unnumbered 



Between gravity and the force of gravity there is, so far 
as I know, no difierence ; and hence I consider the second 
expression unscientific, inasmuch as it is tautological. 

Let it not he objected that the "force" of pressure, the 
" force " of gravity, cohesive " force," &c., are the higher 
causes of pressure, gravity, and the like. The exact sciences 
are concerned with phenomena and measurable quantities. 
The first cause of things is Peity — a Being ever insciiitabie 
by the intellect of man ; while "higher causes," "suporsen- 
Buoos forces," and flie rest, with all their consequences, bo' 
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long to the delusive middle regiou of naturalistic philosophy 
and mysticism. 

By a law that is universally true, waste and want go hand 
in hand. If to the csiae before ns, where this rule likewise 
meets with eoaflrmation, we apply an equalizing process, and. 
take away the word *' force " from the connection in which it 
is superfluous and hurtful, and bring it to where we are in 
want of it, we get rid at one time of two important obstacles. 
The higher mathematics at once cease to be required in order 
to gain admittance into the theory of motion : nature presents 
herself in simple beauty before the astonished eye, and evea 
the less gifted may now behold many things wliicli hitherto 
were concealed from the most learned philosophers, 

Force and matter are indestructible objects. This law, to 
which individual facts may most simply be referred, and 
which therefore I might figuratively call the heliocentric stand- 
point, constitutes a natural basis for physics, chemistry, phys- 
iology, and philosophy. 

Among the facte which, though known, have been hith- 
erto only empirically established and have remained isolated, 
but which can be easily referred to this natural law, is the one 
that electric and magnetic attraction cannot be isolated any 
more than gravily, or that the strength of this attraction 
undergoes no alteration, so long as the distance remains the 
same, by the intervening of indifferent substances (non-con- 
ductors). 

Amon^ facts which have remained unknown up to the 
most recent times, I will refer only to the influence which the 
ebb and flow of the tide exerts, in accordance with the known 
laws of mechanics, on the motion of tlie earth about its axis. 
A fact of such importance, standing, as it does, in close rela- 
tion with the fundamental law just stated, having been able 
CO escape the attontioa of naturalists, is ol itself a proof that 
the prevailing system has no exduswe title. 

For the rest, it will not have escaped tlioso who are ac- 
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^Tiainted wifi. the modem literature of science that a modifi- 
cation of scientific language in the sense of my viowa is act- 
ually beginning to take place. But in matters of tliis kind 
the chief part of the work must he left to time. 

According lo what has been said thus far, the vis viva of 
motion must he called a force. But since the expression vis 
viva denotes in mechanics, not only a raagnitndo "which is 
proportional to tlie mass and to the square of its velocity, but 
also one which is proportional to the mass and to the height 
from which it has fallen, force thus conceived naturally di- 
vides itself into two very easily distinguished species, each of 
which requires a distinct technical name, for which the words 
motion (Bawegung) and falling-force (^F(dlhraft) seem to me 
the most appropriate.* 

Hence, according to this definition, " motion " is always 
measared by the product of the moved mass into the square 
of the velocity, never by the product of the mass into the 
velocity. 

By " falling-force " we understand a raised weight, or still 
more generally, a distance in space between two ponderable 

[* Tlie disticotion here drawn between "moUtm" and "falling-force" 
is the same as ftat made bj Helmholte (Die Erlu^lmig der Kraft, 184T) 
between "iMm«o''(&5e«t%e£"ra/l)iuicl''totkmon"(%oiifo-a/f). TheEcg- 
lish espressiona "djnaniioal energy " and " Statical eneigy " were used by 
Proi W. Thomson {PhiL Mag. S. toI. It, p. 304, 1863) in the same Boose, 
but were afierwurds abandoned by him in titTOur of the terms " actual en- 
ei^" and "potenM energy " introduced by Prof. Rankine. More re- 
cently (" Good Worda " for October, 1862) Professors Thomson and Tail 
hays employed the espression " kinetic enei^ " in place of " actual ener- 
gy." The German word Krafi in tha text baa been uniformly translated 

/dice, to irhlch term Ihe ainbigiiitj of (he German original haa thus been 
tpausfepred. This ambiguity, howevei', maj be avoided in Euglish by al- 
lowing Iha word " force " to retain the meaning which it l>ears in common 
language, that is, to denote all re^etances wliich it requires the exertion of 
a pouter to OTsreome (whence the esprossiotia gravitating force, cohea™ 
foi'ce, Sk.), and hy using the word " energy " to doaote force «s defined bi 
Mayer.— G. 0. F.] 

n 
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bodies. In many caaca falling-foree is measured with sufli 
cient accuracy by the product of fJio raised weight into ita 
lieiglit ; and the expressions " foot-pound," " kilogramme- 
metre," " horse-power," and many others, arc conTentional 
units for the measurement of this force, which have of lata 
coiue into general use, especially in practical mechanics. But 
in order to find the exact quantitative expression for the mag- 
nitude in question, we must consider (at least) two masses 
existing at a determinate distance from each other, which ac- 
quire motion by mutually approaching ; and we must investi- 
gate the relation which exists between the conditions of the 
motion, namely, tlie magnitude of the masses aad their orig- 
inal and final distance, and the amount of motion produced. 

It very remarkably happens tliat this relation is the sim- 
plest conceivable ; for, according to Newton's law of gravita- 
tion, the quantity of motion produced is directly proportional 
to the masses and to the space through which they fall, but 
inversely proportional to the distances of the centres of grav- 
ity of the masses before and after the movement. That is, 
if A and B are the two masses, c and c' the velocities which 
Uicy respectively acquire, and h and h' their original and final 
distances apart, we have 



Ac'+Ee"=' 



A.Bih—h') _ 



or in words, the falling-force is equal to the product of the 
masses into the space fallen through divided hy the two distances. 
By help of this theorem, which, as will be easily seen, is 
liothing hut a more general and convenient expression of 
Newton's law of gravitation,* the laws of the fall of bodies 

" Kewtoii'8 formula relates to the particular cme in which the two dis- 
tncces (tlie initial sud the fiaal distance) are equal, so that their pi'oilucl 
becomes a square. In this case, however, both the sjiace fallen Uiiou^h 
ind the velodty become nonglit; and lionoe, when this expression has to 
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from cosmical elevations, and also the general laws of central 
motions, can be developed without its lieing needful to employ 
equations of more than the second degree. 

Having now become acquainted with two species of force — 
motion and faUing-foree — we can arrive at a conception of " a 
force" in general, according to the well-knowa rule, by col- 
lecting together the common characteristics of the two spe- 
cies. To this end, we muat consider the properties of these 
objects somewhat more closely. Their most important prop- 
erty depends on their mutual relation. Whenever a given 
quantity of falling force disappears, motion is produced ; and 
by the expenditure of this latter, the falling-force can be re- 
produced in its original amount. 

This constant proportion which exists between falling- 
force and motion, and is known in the higher mechanics un- 
der the name of "the principle of the conservation of vis 
viva," may be shortly and fitly denoted by the term " trans- 
formation " ( XJmwandlmtg). For instance, we may say that 
a planet, in passing from its aphelion to its perihelion, trans- 
forms a part of its falling-force into motion, and, as it moves 
away from, the sun again, changes a part of its motion into 
falliag-force. In using the word " transform" in this sense, 
nothing else can or is intended to he expressed but a constant 
numerical raiio. 

But it follows from the axiom mentioned at page 326, that 
the prodnetion of a definite quantity of motion from a given 
quantity of falling-force, and viee vend, implies that neither 
falling-force nor motion can be annihilated either totally or in 
part. We thus obtain the follovring definition : 

FoTce-s are trartsformable, indestructible, and (in contradis- 

ba taken ns the staiijug-pouit for the calculation of roal velooMos, inatlie- 
maiaoal flrlifiecs liecome ncoessarj which are inateiiflMble in tho elomentarj 
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tinction from matter) imponderable objects. (Conf. paper al 
ready quoted, pp. 338, 329.) 

It is easy to see that this definition embraees, among otliei: 
things, the fact that the motion which disappears in mechani- 
cal processes of different kinds hears a constant relation to 
the heat thereby produced, or that motion is convertible, as 
an indestructible magnitude, into heat. Thas heat is, lite mo- 
tion, a force ; and motion, like heat, aa imponderable. 

I have characterized the relation which various forces 
boar to one another by saying (Phil. Mag. S. 4, vol. xxiv. p. 
262) that they are *' different forms under which one and the 
gam Ij ct makes its appearance." At the same time I 
ha e OX] essly guarded myself from making the certainly 
pi u bl but improved, and, as it seems to me, hazardous do- 
du t on that thermal phenomena are to be regarded as merely 
pi en m aa of motion. The following is what I said upon 
this pomt (loc. cU.) p. 376 : 

" But just as little as the connection between falling-force 
and morion authorizes the conclusion that tlie essence of fall- 
ing-force is motion, can such a conclusion be adopted in the 
case of heat. We are, on tlie contrary, rather inclined to 
infer that before it can become heat, motion — whether simple, 
or vibratory aa in Uie case of light and radiant heat, &c. — 
most cease to exist as motion," 

The relation which, as we have seen, suhsista between 
heat and motion has regard to quantity, not to quality ; for 
(to borrow the words of Euclid) things which are equal to 
one another are not therefore similar. Let us beware of leav- 
ing the solid ground of the objective, if we would not entan- 
gle ourselves in difficulties of our own making. 

In the mean time it at least results from, the foregoing 
considerations that the phenomena of heat, electricity, and 
magnetiBm do not owe their existence to any partieuiar fluids , 
[md the immateriality of heat, asserted half a century ago h\ 



Hosted .vGoogle 



VARIOUS KIKDS OF HEAT. 3i7 

Ramfoi'tl, becomes, through fLe discovery of its mciAanici] 
equivalent, a certainty. 

The form of force denoted by the name "heat" is plainly 
not single, but includes several distinct, though mutually 
equivalent, ohjecte, three principal forms of which are distin- 
guished in common language : namely, I. Eadiant Heat ; II. 
Free (sensible) Heat, Specific Heat ; and III. Latent Heat. 

There can be no doubt that radiant heat must be regardeil 
as a phenomenon of motion, especially since the recent detec- 
tion of phenomena of interference in the radiation of heat. 
But whether there really exists, as is commonly assumed, a 
peculiar iether, of which the vibratory motion is perceived by 
us as radiant heat, or whether the seat of this motion is the 
particles of material bodies, is a question that is not yet made 

Still greater obscurity hangs about tlie essential nature of 
specific heat, or what goes on in the interior of a heated body. 
Not only does the unanswered quealion of the teliier enter 
again here, but, before we can be in a position to form any 
clear ideas on fiis subject, we require to have an esaet knowl- 
edge of the internal constitution of matter. We are, how- 
ever, atiH far from having reached this point ; for, in particu- 
lar, wo do not know wliether such things as atoms exist — that 
is, whether matter consists of such constituents as undergo no 
further change of form in chemical processes. 

Eat a span of that time which stretches botli backwards 
and forwards into eternity is meted out to man here on earth, 
and the space which his foot can tread is narrowly bounded 
ftbove and below ; so also his scientific knowledge finds nat- 
ural limits in the direction of the infinitely small as well as of 
the infinitely great. The question of atoms seems to me to 
lead beyond these limits, and hence I consider it unpractical. 
An atom in itself can no more become an object of our inves- 
tigation lliau ft difierential, notwithstanding that the ratio 
which Buch immensely snaall ausiliaiy magnitudes bear t<; 
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one aaother may be represented by eoacrete mimbers. In 
eveiy case, however, the coaeeption of aa atom must be re- 
garded as merely relative, aad must be considered ia coaneo 
tion with some deflaite process ; for, as is well kaowa, the 
particles of aa acid and base may play the part of atoms in 
the foi-mation and decompositioa of a salt, while in another 
process these atoms may themselves undergo further division. 

But assuming that, in a cliemieal sense, atoms have a real 
existence — aa assumption which, among other things, the 
laws of isomorphism certainly render probable — ^the further 
question arises whether, by the continued division of matter, 
we caa at last arrive at molecules which are atoms in relafiou 
to the phenomena of heat, such that heat cannot penetrate to 
(heir interior, and such that, when the whole mass is heated, 
tliey for their parts undergo no increase of bidk. Bat since 
we are nnable to grapple with such preliminary questions as 
these, we are forced to confess that, whether the existence of 
an Eether and of atoms be admitted or not, we are, so fai- as 
regards the nature of specific heat, in a state of ignorance, 

The expression " latent heat" has reference to its correctly 
recognized property of iodestructibility. In all cases in which 
riiermometrically sensible specific heat disappears, it must be 
assumed that it eludes our perception only by taldag on some 
other state of existeace, aad that by an appropriate process 
of inverse transformation the free heat can be reprodaced in its 
or^nal amount. These are the facts on which the doctriae 
of latent heat rests ; aad hence, if we have regard to tliem 
oaly, all the coaaected pheaomena may be claimed as so maay 
confirmations of the principle of the transformation and con- 
Bervafion of force. 

The conception of latent heat is accordingly nothing else 
than the conception of something equivalent to free heat, and 
thus the doctrine of free and specific heat embraces pi-etty 
nea];ly the whole domain of physics. A few examples, cho- 
sen from among the abundance of facts, may serve to show 
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how, according to my view, tlie phenomena wtereiii heat bo- 
comes latent are to be regarded. 

If heat is communicated to a gas retained under constant 
pressure, the free heat of the gas ia increased, and at the 
same time a calculable quantity of heat becomes latent; (lie 
gas is tliereby caused to expand, and theri^ is consequeatly 
produced an amount of vis viva proportional to the pressure 
and to the space through which expansion taiea place. There- 
fore as soon as we know how much of the heat that has be- 
come latent is to be attributed to the expansion of the gas, wa 
know also the amount of the remainder of the latent heat 
corresponding to the vis viva produced. Now Gay-Luasae 
has proved by experiment that the specific heat of a gas un- 
dergoes no seosible alteration m flowing from a containing ves- 
Hence it follows that a gaseous body op- 
) resistance to the sepamtion of its parti- 
cles, and that the rarefaction of a gas does not of itself (that 
is, when it occurs without any evolution of force) cause any 
heat to become latent. The total quantity of heat which be- 
comes latent by the expansion of a gas is therefore to be taken 
as the equivalent of (be vis viva produced. 

It results from the principle of the indestructibility of 
heat — a principle which no one calls in question — that the 
quantity of heat which has thus become latent must again 
become free when heat is in any way produced at ibe expense 
of the acquired vis viva of motion. Motion is latent heat, 
and heat is latent motion. 

The celebrated law of Dnlong, that the amount of heat 
produced by the compression of a gas is dependent on the 
amount of force expended, and not upon the chemical natm'e, 
tension, or temperature of the gas, ia a special application of 
the above general principle. Bnt in the cormnimication so 
often mentioned I have shown that this law of natore is capa- 
ble of a very much wider application, and that the heat which 
becomes latent in the expansion of a gas reappears again in 
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every ease, if the ms viva thereby produced is employed to 
generate heat, whether hy the compression of air, by friction, 
or by the impact of nonelastic bodies ; and I have there 
calculated the mecbanical eqnivaleot of heat upon principles 
of which the accuracy cannot be disputed. I also measured 
at that time, by way of eonfcrot, tte heat produced in the 
naanufaetm-e of paper in Holland, and compared it with the 
working force expended, and so found a sufficient degree of 
concordance between the two quantities. I have recsEtly, 
moreover, succeeded in constructing, for the pnrpose of the 
lii'ect detei-minatioc of the mechanical equiTalent of heat, a 
very simple thermal dynamometer on a email scale, with 
which the truth of the principle in question can be deraon- 
Btrafed ad ocvlos ; and I have reason to believe tliat the effi- 
ciency of water-wheels and steam-engines might be ei^y and 
advantageously measured by means of a simihu: calorimoto- 
rial apparatus. It must, however, be left to the future judg- 
ment of practical men to decide whether, and to what extent. 
Ibis method deserves fo be preferred to Prony's, 

Heat further becomes latent in certain changes of the state 
of aggregation of bodies. Since it is a settled fact that both 
solid and liquid bodies oppose a certain resistance to the sep- 
aration of their parts, and since in general an expenditure of 
vis viva is required for the overcoming of mechanical resist- 
ancea, we are led to conclude d priori that whenever the cohe- 
sion of a body is diminished or done away with, force or heat 
must become latent ; and this, as is well known, perfectly 
accords with experience. 

Starting from tliia point of view, the French physicist 
Person has attempted to detect a direct quantitative relation 
between the latent heat of metals, on which he has made a 
great number of observations, and their cohesion ; but at pres- 
ent determinations of this kind are beset with almost insur- 
mountable difficulties. 

The heat which becomes latent in the evaporation of watei 
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[las been considered firom qnite a similar point of view by 
Holtzmaan in his important memoir " On the Heat and Elas- 
ticity of Gases and Vapours," Starting ii-om tlie principle 
that elevation of temperature is equivalent to the rafeing of a 
weight, this philosopher haa likewise caleulated the mechani- 
cal equivalent of heat from the quaality of heat which be- 
comes latent by the expansion of a gas ; and lie very rightly 
conceives of the latent heat of steam as made up of two 
parts, whereof one, the smaller, is expended in overcoming 
the opposing pressure of the atmosphere, and can hence be 
easOy calculated by means of the mechanical equivalent of 
heat, while the remaining part, the amount of which can also 
be caleulated, is what Holt^mann calls the heat required to 
destroy the cohesion of the water. In all steam-engines tliis 
latter portion ia wasted, and Holtzmann calculates from those 
data the superior efScieocy of high-pressure compared with 
low-pressure engines.* 

If the view here taken of the latent heat of fusioa and 
evaporation is correct, heat must also become latent when 
hard bodies are reduced to powder ; and when such substances 
pass into the liquid condition from a state of fine division, 
they must absorb a sataller quantity of heat than when they 
are liquefied without previous commhmfion. A few experi- 
ments that I have instituted in this direction have not hitherto 
given any decisive result. 

It is also worthy of notice that certain solid bodies which 
are capable of asaumiag allotropic states, as, for instance, the 
oxygen-compounds of iron, evolve a considerable quantity of 
heat on passing from a less to a more hard condition. Snch 
facts, the number of which wiU doubtless eontiuualiy increase 
with fjme, agree perfectly with the above principle, that dim- 
inution of cohesion involves an expm^ur& of heat, and, on 
(he other hand, increase of cohesion a, ^rodviction of heat. 



Hosted .vGoogle 



352 THE MEOHAHICAL EQUI>ALEHT 02' HEAT. 

Customary language, according to wl h a J 1' 1 

a moving force and boat a substance o u ons on tl e one 
hand, the aigniiicance of an important nat il o1 j ct fallin^ 
space, or the space through which a body falls to be kept is 
much as possible oat of sight, and, on the other h 1 heat to 
be removed to the gi-eaf«8t possible distance f om the otb va 
of motion. The sciences are thus reduced to an artificial sys- 
tem, o?er whose fissured siufaee we can advance in safety 
only by the powerful aid of Uie higher analysis. 

Without doubt the fact that so simple and obvious a mat- 
ter as the connection between heat and motion could remain 
unperceived up to the most recent times must also be attrib- 
uted to the same defect. Nevertheless, as has been already 
pointed out, the qnantitatiTC determination of ebemical heat- 
ing-effects and of galvanic actions, as well as researches into 
vital phenomena, instituted in the spirit of those of Liebig, 
must soon have led to the law, not difilcult to discover, of the 
equivalence of heat and motion. 

In reality this law and its numerical expression, the me- 
chanical equivalent of heat, were published almost simidta- 
neously in Germany and in England. 

Starting from the fact that the amount of chemical as well 
as of galvanic effect is dependent only ajid solely on the 
amount of material expenditure, the celebrated I 
icist Joule was led to the principle that the pheii 
motion and of heat rest essentially upon one and the same 
foundation, or, as he expressed himself, in the same way as I 
have done, heat and motion are transformable one into the 
other. 

Not only did this philosopher indisputably make an inde- 
pendent discoveiy of the natural law in question, but to him 
belongs the credit of having made nmnerous and important 
rontributions towards its further establishment and develop- 
ment. Joule has shown that when motion is produced by 
means of filoetro-magnotism, the heating efiect of the gatvanio 
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eun-cnt is diminished in a corresponding and fixed proportion. 
He has further ascertained that by reversing the poles of a 
magnetic bar a quantity of heat is produced proportional to 
the square of the magnetic tension — a fact which was also 
diseoYered by myself, though at a later date. In particular, 
Joule haa likewise demonstrated, by means of numerous ex* 
periments, that the heat evolved by friction under yarious cir" 
cumstancea stands in an unvarying proportion to tho amount 
of force expended. According to hia most recent experiments 
of this kind, he has fixed the mechanical equivalent of heat 
at 423.* 

Joule has litewiae investigated experimentally, in relation 
to this question, the thermal behaviour of elastic fiuids when 
expanded, and has thereby confirmed the earlier results of 
other physicists. 

The new subject soon began to excite the attention of 
learned men ; but inasmuch as both at home aad abroad the 
subject has been exclusively treated as a foreign discovery, I 
find myself compelled to mate the claims to which priority en- 
titles me ; for altliongh the few investigations which I have 
given to the public, and which have almost disappeared in the 
flood of communications which every day sends forth without 
leaving a trace behind, prove, by the very form of their pul>- 
lication, that I am not one who hankers after effect, it is not 
therefore to be assumed that I am willing to be deprived of 
intol!ect«al property which documentary evidence proves to 



By help of the mochanieal equivalent of heat many prob- 
lems can bo solved which, without it, could not be attacked at 
all : among them, the calculation of the thermal effect of the 
falling together of cosmical masses may bo especially men- 
tioned. It win not be out of place to indicate here briefly a 
few results of such calculations. 

* TLat is, 1 thermal unit'^ias kilosrammoWta. 
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The following ia one problem of thia kind. It is assunicd 
tUat a cosmieal body entera the atmoaptere of our earth wllh 
a velocity of four geographical miles per second, and that, in 
conseqaence of the resistance which it here encounters, it 
loses so much of ite vis viva of motion that its remaining ve- 
locity when it agaia quite ,the atmosphere amouute to three 
miles : the question now ariaes, How great is the thermal 
effect which accompanies this proeeBS ? 

A simple ealeulation, baaed upon the mechanical eqiiiva- 
leut of heat, shows that the quantity of heat required is about 
eight times as great as the heat of combustion of a mass of 
eoal of equal weight witli the body in question, one kilo- 
gramme of coal being taken as yielding 6,000 thermal units. 
Henee it follows that the velocity of the motion of shooting- 
stars and fii^e-balls, which, as is well-known, attains, accord- 
ing to astronomical obacrvationa, to from four to eight miles, 
is a cause fully safBcicnt to produce the most violent evolution 
of heat, and an insight into the nature of these remarkable 
phenomena is tliereby afforded to us.» 

The following is a problem of a similar kind : if two cos- 
mical masses, moving in space about their common centre of 
gravity, were by any cause whatever, for example by the re- 
sistance of the surrounding medium, caused to ftiU together, 
tlie question again arises, How groat is die tJiermal effect cor- 
responding to this process of mechanical combination ? 

Even though the elemente of the orbits (that is, their ex- 
ccntrieity) may be imknown, we can nevertlieless calculate 
from the given weight and volume of the masses in qnestiou 
the maximum and tho minimum of tite required effect. Thus 
let it be supposed, for the sake of an example, that oar earth 
had been divided into two equal globes which had united in 

* The idea that the meteova here referred to owe their l^ht to a me- 
chanical process — whether friotion, or the oompreasion of the aie — is not 
Bewi bat without a knowledge of the mechanical equivalent of heat il 
could have no edentJflc founilLitioti. 
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tlie maniiur described: calculation teachea iis (liat tlie amounl 
of heat wliich would have been evolved in such a case -would 
considerably exceed that which an equal weight of matter 
could furnish by the most intense process of chemical action. 
It is more than probable tJtat the eai'th has come into ex- 
istence in somo such way, and that in consequence our sun, aa 
seen from the distance of the fixed stare, exhibited at tliat 
epoch a transient burst of light. But what took place in our 
solar system perhaps millions of years ago, stiU goes on at 
the present time here and there among the fixed stars ; and 
the transient appearance of stars, which in some cases, like 
the celebrated star of Tycho Brahe, have at firet an extraor- 
dinary degree of brilliance, may be satisfactorily explained 
by assuming the falling together of previously invisible double 

Contrasting with such explosive bursts of light is the 
steady radiation, shown continuously through enormous pe- 
riods, by the greater number of fixed stars, and among them 
by our Sim. Do these appearances, which in so special a 
manner tempt to higher speculations, constitute a real excep- 
tion to the exhaustion of a cause in producing its effect, which, 
in accordance with the foregoing considerations, we have re- 
garded as an established law of Nature ? or does the small 
sum of human knowledge authorize us in supposing that here 
also there is an equivalence between perfoi-mance and expen- 
diture, and in aearching for the conditions of that equivalent? 

To enter further upon this subject would lead us beyond 
the intended scope of this publication ; and I therefore close 
in the hope that the reader will please to supplement by hia 
own reflection much that in tiiia tract lias been loll imsaid 
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MicniEL PiKADAY, son of a amitb, was born in London in 17111. He 
w*a taught reading, writing, and aritiuneCic at a day-seliool, and id aJl otliet 
lliings eiiuealed himself, .it tliirteen he was apprenUced to a, bookbinder, 
cboosing tids vocation in order to be among booka. He was early fond of ex- 
periment, and avarae to trade ; and bdng tolten to bear some leotnres of Sir 
Hmnpiirey Davy at tlie Rojal Instjtulion, he resolved to pursue sdenoe, and 
wrota to Davy asking Mb asaiataaoe in obtaining a place. Davy favored his 
appliealion, and in 1818, attheageof twenty, he waa appointed assistant in 
Ibe laboratory of the Eoyal InaUtuiion. In 1820 he discovered the chloride 
of carlmn, and in 1823 efTected. the condenaation of chlorine and other gases. 
On this account Davy became jealous of him, and discouraged the idea of 
recoiamending him for eleotiou to tht Eoyal Society, wliich, however, took 
place iu 1824. In 1820, Oersted announced bis celebrated discovery of 
eledro-magnetism, and I'araday at once entered upon an investigalion of the 
relations of magnetiam and electricity. In 1831 he commenced hia cele- 
brated sariea of Esperimeiital Keseardies m Electridty, which eitended to 
three volumea, pubhshed in 1889, 1844, and I8EB. In 1827 he pnbliahed 
his admirable nork on " Chemical Monipolaliona," and, hi 1830, a valuable 
paper on "The Manufectnre of Glass for Optical Puiposes." In 1833 lie 
became Professor of Chemistry in the Royal Institution, and he has received 
numerous honors from the learned Bocieties of Europe. In 1835 he received 
a pension of £300 a year, and in 1858 the Queen allotted Mm a ceBidence in 
Hampton Court. Dr. Faraday has tolenls of a ■ h%h order, both as an orig- 
inal investigator and as a lecturer. Advanced in years, be has now relii'ed to 
considerable extent from a/:&ve duty, but is atiU in the vigor of his powers, 
aa is ahown by hia rccout lecturca to jnveuile audicncM ia the Roya! Insti- 
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YAlilOUS cireumstaJices Induce me at tlie present mo- 
ment to put forth a consideration regarding fJie con- 
servation of force. I do not suppose tliat I can utter any 
frutli respecting it f]iat has not already presented itself to the 
high and piercing intellects which move within the exalted 
regions of science ; but the course of my own investigations 
and views makes me think that the consideration may be of 
service to those persevering laboorers (amongst whom I en- 
deavour to class myself) who, occupied in tie oompariBon of 
physical ideas witli fundamental principles, and continually 
susttwning and aiding themselves by experiment and observa- 
tion, delight to labour for the advance of natural knowledge, 
and strive to follow it into undiscovered regions. 

There is no question which lies closer to the root of all 
physical knowledge than that which inquires whether force 
can be destroyed or not. The progress of the strict science 
of modern times has tended more and more to produce tlie 
conviction that " force caa neither be created nor destroyed ; " 
and to render daily more manifest the value of the knowledge 
of that truth in experimental research. To admit, indeed, 
that force may be destructible or can altogether disappear, 
would be to admit that matter could be imcreated ; for we 
know matter only by its forces ; and though one of these is 
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most comijionly referred to, namely, gravity, to prove ita 
presence, it is not because gravity has any pretension, or any 
ciemption, amongst the forms of force as regards the princi- 
ple of conservation, but simply that being, as far as we per- 
t«ive, inconvertible in its nature and unchangeable in its raan- 
ifestation, it offers an unchanging teat of the matter wliich wo 
recognize by it. 

Agreeing with those who admit the conservation of force 
to be a principle in physics, as large and sure as that of the 
indestructibility of matter, or the invariability of gravity, I 
think that no particular idea of force has a right to unlimited 
or unqualified aceeptaneo that does not include asBent to it ; 
and also, to definite annyant and definite disposition of the 
force, either in one effect or another, for these are necessary 
consequences ; therefore I tu'ge, Uiat the eonservatioa of force 
oaght to be admitted as a physical principle in all onr hypoth- 
eses, whether partial or general, regarding the actions of mat> 
ter. I have had doubts in my owa roind whether the consid- 
erations I am about to advance arc not rather metaphysical 
tliaa physical. I am unable to define wliat is metaphysical in 
physical science ; and am exceedingly adverse to the easy and 
unconsidered admission of one supposition upon another, sug- 
gested as they often are by very imperlfect induction from a 
small number of fa^ts, or by a very imperfect observation of 
the facts themselves ; but, on the other hand, I think the phi- 
losopher may be bold In his application of principles which 
have beea developed by close inquiry, have stood through 
much inrestigafion, and continually increase in force. For 
instance, time is growing up daily info importance as an ele- 
ment in the exercise of force. The earth moves in its orbit 
in time ; the crust of the earth moves in time ; light moves in 
time ; an electro-magnet requires time for its charge by an 
electric current; to inquire, tiierefore, whether power, acting 
either at sensible or insensible distances, always acts ia (wne, 
is not to ho metapliysical ; if it acts in time and across space. 
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it must act by physical lines of force ; and our view of tlio 
nature of tJie force may be affected to the cstremeat degree 
by the conciasiona wliich experiment amd observation on time 
may supply; being, perhaps, finally determinable only hj 
them.. To inquire after the possible time in which gravita- 
ting, magnetic, or elective force is exerted, is no more meta- 
physical than to mark the times of the hands of a clock in 
their progress ; or that of tlie temple of Serapis and its ascents 
and descents ; or the periods of the oecnltations of Jupiter's 
satellites ; ' or that in which the light from them comes to tht 
earth. Again, in some of the known caaes of action in iime, 
something happens whilst tlie time is passing which did not 
happen before, and does not continue after ; it is, therefore, 
not metaphysical to expect an effect in m^ery case, or to en- 
deavour to discover its existence and determine its nature. 
So in regard to the prindple of the conservation of force ; I 
do not think that to admit it, and its consequences, whatever 
they may be, is to he metaphysical ; on the contrary, if that 
word have any application to physics, then I think that any 
hypothesis, whether of heat, or electricity, or gravitation, or 
any other form of force, which either wiUicgly or imwiilingly 
dispenses with the principle of conservation, is more liable to 
the charge than those which, by including it, become so far 
more strict and precise. 

Supposing that the truth of the principle of the conserva- 
tion of force is assented to, I come to Us wses. No hypothesis 
should be admitted, nor any assertion of a fact credited, thai 
denies tiie principle. No view should be inconsistent or in 
compatible with it. Many of our hypotheses in the present 
state of science may not comprehend it, and may be unable 
to suggest its consequences ; but none should oppose or con 
tradict it. 

If the principle be admitted, we perceive at once that a 
theory or definition, though it nwiy not contradict the princi- 
ple, cannot be accepted as sufficient or complete unless the 
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former bo coatained in it ; that however well or perfectly tlia 
deflnitioii may include and repi'esent tlie state of things com- 
monly considered nnder it, that state or result is only partial, 
and must not be accepted as exhausting the power or being 
the fall equivalent, and flierefore cannot be considered as 
representing ifa whole nature ; that, indeed, it may express only 
a very small part of the whole, only a residual phenomenon, 
and hence give tts hut little indication of the full natural truth. 
Allowing the principle its force we ought in every hypothe- 
sis, either to account for its consequences hy say ng what the 
changes are when force of a g ven tinl ipi aren ly luapj ear 
as when ice tliaws, or else sho Id leave space for the 1 a of 
the couveraion. If any hypo hes 3 mo e or less tra'stwo -tl y 
on other accounts, is insufficient n exp e^a n„ t or mcomi at> 
ihlo with it, the place of deflc ency or oppos t on shonll be 
marked as the most important f exanunat n tor tl e 1 es 
the hope of a discovery of new laws o a new con lit on of 
force. The deficiency should never be a c pted a sa isf 
tory, but be remembered and usel as a tunul nt to f u h r 
inquiry ; for conversions of fo ce n y he e be 1 [ d to 
Suppositions may be accepted for the time, provided tney are 
not in contradiction with the principle. Even an increased or 
diminished capacity is better than nothing at all, because such 
a stipposition, if made, must be consistent with the nature of 
the original hypothesis, and may, therefore, by (he application 
of experiment, be converted into a farther test of probable 
truth. The case of a force simply removed or suspended, 
without a transferred exertion in some other direction, appears 
to me to be absolutely impossible. 

If the principle be accepted as true, we have a right to 
pursue it to its consequences, no matter what they may be. 
Il is, indeed, a duty to do so. A theory may be perfection, 
as far as it goes, but a consideration going beyond it, is not 
for that reason to be shut ont. We might as well accept oui 
limited boriaon as the limits of Uie world. No magnitude, 
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either of the phenomena or of the results to he dealt with, 
should stop our exertions to ascertain, by the use of tJie prin- 
ciple, that something remains to he discovered, and to trace 
in what direction that discovery may lie. 

I will endeavonr to illustrate some of the points which 
have been nrged, by reference, in the first instance, to a case 
of power, which has long had great attractions for me, be- 
cause of its extreme simplicity, its promising natnre, its uni- 
versal presence, and in its invariability under like circum- 
stances ; on which, ttongh I have experimented* and as yet 
faOed, I think esperiment would be well bestowed, I mean the 
force of gravitation. I believe I represent the received idea 
of the gravitating force siright in saying that it is a simple at- 
tractive force exerted hetween any two or all the 'particles or 
masses of mattm; at every sensible distance, but with a stfrengtii 
varying inversely os the square of the distance. The nsaal 
idea of the force implies direct action at a distance ; and such 
a view appears to present little difttciilty except to Newton, 
and a few, including myself, who in that respect may be of 
like mind with him. 

This idea of gravity appears to me to ignore entirely the 
principle of the conservation of force ; and by tlie terms of 
its definition, if taken in an absolute sense, " varying inversely 
as the square of the distance," to be in direct opposition to it, 
and it becomes my duty now to point out where this contra- 
diction occurs, and to use it in illastration of the principle of 
conservation. Assume two particles of matter, A and B, in 
free space, and a force in each or in both by which they gravi- 
tate towards each other, the force being unalterable for an 
unchanging distance, but varying inversely as the square of 
the distance when the latter varies. Then, at the distance of 
ten, the force may be estimated as one ; whilst at the distance 
of one, that is, one-tenth of the former, the force will be one 

■« iniUoiophJoal Transactions. ISB I, p. 1. 
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hundred ; and if we suppose an elastic spring to Ijo inlro- 
duced between tlie two as a measure of the attractive force, 
the power compressing it will be a hanclred times as much in 
tlie latter case aa in the former. But from whence can tliis 
enormous increase of power come? If we say that it is the 
character of this force, and content ourselves with that as a 
safhcient answer, then it appears to me we admit a creation 
of power and that to an enormous amount ; yet by a change 
of condition, so small and simple as to fail in leading the least 
inatmeted mind to tliink that it can be a sufficient cause, wc 
should admit a result which would equal the highest act our 
minds can appreciate of tlie working of infinite power upon 
matter ; we siiould let loose the highest law in physical sci- 
ence which our faculties permit us to perceive, namely, the 
con^ervaHon of force. Suppose the two particles, A and B, 
removed back to the greater distance often, then the force of 
attraction would be only a hundredth part of that they pre- 
viously possessed ; this, according to the statement that the 
force varies inversely aa the square of the distance, would 
double the strangeness of the above results ; it would be an 
annAilation of force — an effect equal in its infinity and ita 
consequences with creation, and only within the power of Him 
who has created. 

"We have a right to view gravitation under every {arm that 
either ita definition or its effects cam suggest to the mind ; it 
is our privilege to do so with every force in nature ; and it is 
only by so doing that we have succeeded, to a largo extent, in 
relating the various forms of power, so aa to derive one from 
another, and thereby obtain confirmatory evidence of the 
great principle of the conservation of force. Then let us 
consider the two particles, A and B, as attracting each other 
by the force of gravitation, under another view. According 
to the definition, the force depends upon both particles, and if 
the particle A or B were by itself, it could not gravitate, thai 
is, it could have no attraction, no force of gravity. Suppos- 
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iiag A to exist in that isolated stat« anil without grarltaling 
force, aud then B placed in relation lo it, gravitation comta 
on, as is supposed, on the part of both. Now, without try- 
ing to imagine Jioib B, which tad no gravitating force, can 
raise up gravitating force in A ; and how A, equally \vitliout 
force beforehand, can raise up force in B, still, to imagine it 
aa a faet done, is to admit a creation of force in both parti- 
elea ; and so to bring ourselves witJiin the impossible conso 
qiiencea whicli Lave been already referred to. 

It miay be said wo cannot have an idea of one particle bj 
itsolf, and bo the reasoning faHs. For my part I can compic- 
bend a particle by itself just as easily as many particles ; and 
though I cannot conceive the relation of a lone particle to 
gravitation, according lo the limited view which is at present 
taten of that force, I can conceive its relation to something 
which causes gravitation, and with which, whether (he parti- 
cle is alone, or one of a universe of other particles, it is al- 
ways related But the reasoning upon a lone particle does 
not fail ; for as the particles can be separated, we can easily 
conceive of the particle B being removed to an infinite dis- 
tance from A, and then the power in A will be infinitely di- 
minished. Suth removal of B will be as if it were annihi- 
lated in regard to A, •vnd the force in A will be annihilated 
at the same time , so that the case of a lone particle and that 
where different instances only are considered become one, be- 
ing identical with each other in their eonsequencea. And as 
removal of B to an infinite distance is as regards A annihila- 
tion of B, so removal to the smallest degree is, in principle, 
the same thing with displacement through infinite space ; the 
eraallest increase in distance involves annihilation of power ; 
the annihilation of the second particle, so as to have A alone, 
involves no other consequence in relation to gravity ; there is 
difference in degree, but no difference in tbe chara^iter of tlia 
result. 

It seems hardly necessary to observe, that the aanie Hna 
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of thought grows ap ia the mind, if we consider tlie mutiia 
^ VI -a n action of one particle and many. The particle A 
Tj a a t the particle B at the distant^ of a mile witli a 
m ores of force ; it will attract a particle C at tlie 
■ttini d s nco of a mile with a po\7er equal to that by which 
a B ; if myriads of like particlea be placed at the 

g ven di tance of a mile, A wiD attract each witli equal force ; 
anl f her particles be accumulated round it, within and 
w sphere of two miles diameter, it will attract them 

a 1 w h a force varying inversely with the square of tlie di?- 
n H w are we to conceive of tbis force growing up in 
A to mi lion-fold or more, and if the smToundiog partlilcs 
be thea removed, of its diminution in an equal degree ? Or, 
how are we to look upon the power raisr J up in all these 
outer particlea by the action of A on them, or hy their action 
one on another, without admitting, according to the limited 
definifioQ of gravitation, the facile generation and anniliilation 
of force? 

The assumption which wo make for the time with regard 
to the natm'e of a power (as gravity, heat, etc.), and the 
form of words in ■which we express it, that is, its definition, 
should be consistent with the fundamental principles of force 
generally. The conservation of force ia a fundamental piini- 
ciple ; hence the assumplioa with regard to a particular form 
of force ought to imply what becomes of the force when its 
action is increased or diininisTied, or its direclioit changed , or 
else the assumption should admit that it ia deficient on that 
point, being only half competent to represent the force ; and, 
in any case, should not be opposed to the principle of consei-- 
vation. The usual delioition of gravity as am altractwe force 
hetween tJie particles of moMer tabying inversely as the square 
of the distance, whilst it stands as a full definition of tfie 
power, is inconsistent with the principle of the conaerTation 
of force. If we accept the principle, euch a dcflnilion must 
bo an imperfect account of the whole of Ihc force, and ii^ 
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probably only a descriplion of one exercise of that po\TOr, 
whatever the nature of the force itself may be. If the defi 
nition be accepted as tacitly including the conservation oi' 
force, then it onght to admit that consequences must occur 
daring the snspended or diminished degree in its power as 
gravitation, equal in importance to the power suspendccJ or 
hidden ; being in fact equivalent to that diminution. It ought 
also to admit, that it is incompetent to suggest or deal with 
any of the consequences of that changed part or condition of 
the force, and cannot tell whether they depend on, or are re- 
lated to, conditions external or internal to the gravitating par- 
ticle ; and, as it appears to me, can say neither yes nor no to 
any of the arguments or probabilities belonging to the subject. 

If the definition denies the occurrence of such contingent 
results, it seems to me to be unphilosophicaJ ; if it simply ig- 
nores them, I think it is imperfect and insnflicient ; if it ad- 
mits these things, or any part of them, then it prepares the 
natural philosopher to look for effects and conditions as yet 
unknown, and is open to any degree of development of the 
consequences and relations of power ; by denying, it opposes 
a dogmatic barrier to improvement ; by ignoring, it becomes 
in many respects an inert thing, often much in the way ; by 
admitting, it rises to the dignity of a stimulus to investigation, 
a pilot to human science. 

The principle of the conservation of force would lead ns 
to assume, iliat when A and B attract each other less, be- 
cause of increasing distance, then some other exertion of 
power, either within or without them, is proportionately grow- 
ing up ; and again, that when their distance is diminished, as 
from ten to one, the power of attraction, now increased a 
hundred-fold, has been produced out of some other form of 
power which h^ been equivalently reduced. This enlarged 
assumption of the nature of gravity is not more metaphyiical 
than the half assumption ; and is, I believe, more philosophi- 
cal and more in accordance with all physical considerations. 
18 
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The half asaumption is, in my view of the matter, more dog 
matic and irrational thaa the whole, tecauso it leaves it to ba 
understood that power can be created aad destroyed almost al 
plea.™. 

Whea the equivalenta of tlio various forms of force, aa far 
as they are known, are considered, their differences appear 
very great ; thus, a grain of water if known to have electric 
relations equivalent to a very powerful flasli of lightning. It 
may therefore be atipposed that a very large apparent amount 
of the force causing the phenomena of gravitation, may be 
the equivalent of a very small change in some unknown con- 
dition of the bodies, whose attraction is varying by change of 
distance. For my own. part, many conaiderations urge my 
mind toward the idea of a cause of gravity, which is not res- 
ident in the partiolea of matter merely, but constantly in 
them, and ill apate I have ah'eady put forth considerations 
regai-ding gravity which partake of this idea,* and it seems 
to liave been unhesitttrngly accepted by Newton.-f 

There is one wonderflil condition of matter, perhaps its 
only true indicition, namely, me?*('a / but in relation to the 
ordinary definition ot giavity, it only adds to the difflcul^. 
For if we consider two particles of matter at a certain dis- 
tance apart ittractm" each other nnder the power of gravity, 
and free to approach, they wiU approach ; and when at only 
half the distance, each wiU have had stored up in it, because of 
its iiierHa, a certain amount of mechanical force. This must 

* Proceedings of tie Eojal InsUtution, 1S5B, rol, iL, p. 10, etc 
f " That graritj should be maate, mbereut, and esaeoUitl to matter, so 
that one body may act upon another at a distance, through a vaatian, with- 
out the modiatioa of any thing else, by and tiuxiugh which thdr aeHou and 
force may bo conveyed ftoro one to another, is to me Bo great an absurdity 
ttiat I believe no man irho has in philosophical loaiters It competent fac- 
ulty of thlnldng, can ever Ml into il^ Gravitj must be caused by an agent, 
Actiiig conEtuitJy accorduig to certiun laws ; but nhetiier this sgent bo ma- 
terial or immaterial I have left to tlie consideration of my reader." — Sei 
Nmbm's TMrd ZflScr to Benllei/. 
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bo due to the force exerted, and, if ilie conservation principk 
be true, must have consumed an equivalent proportion of the 
cause of attraction ; and yet, according to the definition of 
gravity, the atti-active force ia not diminished thereby, bnl 
increased four-fold, the force growing up within itself the 
more rapidly, the more it is occupied in producing other force. 
On the other hand, if mechanical force from without be used 
to separate the particles to twice their distance, this force ia 
not stored up in momentum or by inertia, but disappears ; and 
three-fourths of the attractive force at the first distance disap- 
pears with it; How can this be ? 

We tnow not the physical condition or action from which 
inertia results ; but inertia is always a pure case of the con- 
servation of force. It has a strict relation to gravity, as ap- 
pears by the proportionate amount of the force whicli gravity 
can communicate to the inert body ; but it appears to have 
the same strict relation to other forces acting at a distance as 
those of magnetism or electricity, when they are so applied 
by the tangential balance as to act independent of the gravi- 
tating force. It has the like strict relation to force communi- 
cated by impact, pull, or in any other way. It enables a 
body to take up and conserve a given amount of force until 
that force is transferred to other bodies, or changed into an 
equivalent of some otlier form ; that is aU that we perceive 
in it ; and we cannot find a more striking instance amongst 
natural, or possible phenomena, of the necessity of the con- 
servation of force as a law of nature ; or one more in con- 
trast with the assumed variable condition of the gravitating 
force supposed to reside in the particles of matter 

Even gravity itself furnishes the strictest proof of the con- 
servation of force in this, that its power ia unchangeable for 
the same distance ; and is by that in striking contrast with 
the variation which we assume in regard to the cause of grav- 
ity, to account for the results at different distances. 

It will n't be imagined for a mcment that I am opposei) 
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to what may tie called the law of gravitating action, thtit is, 
the law hj which all the known effects of gravity are gov 
emed ; what I am considering is the definition of the/orce of 
gravitation. That the result of one exercise of a power may 
be inversely as tlie square of tlie distance, I believe and ad- 
mit ; a,nd I know that it is so in the ca.se of gravity, and has 
been verified to an extent ttat could hardly have been vrithin 
the conoepiioa even of Nevrton himself when he gave uttei-- 
aace to the law ; but that the totality of a force can be em- 
ployed according to that law I do not believe, either in rela- 
tion to gravitation, or electricity, or magneiism, or any other 
supposed fonn of power. 

I might have drawn reasons for urging a continual recol- 
lection of, and reference to, the principle of the conservation 
of force from other forms of power than that of gravitation j 
but I think that when foanded on gravitating phenomena, 
they appear in their greatest simplicity ; and precisely for tMs 
reason, that gravitation has not yet been connected by any 
degree of convertibility with the other forms of force. If I 
refer for a few minutes to. these other forms, it is only to 
point in their variations, to the proofs of the value of the 
principle laid down, the consistency of the known phenomena 
■with it, and the suggestions of research and discoveiy which 
arise from it. Heat, for instance, is a mighty form of power, 
and its effects have been greatly developed ; therefore, assump- 
tions regarding its nature become nsefol and necessary, and 
philosophers try to define it. The most probable assumption 
is, that it is a motion of the particles of matter ; but a view, 
at one time very popular, is, that it consists of a particulai' 
fluid of heat. Whether it be viewed in one way or the other, 
the principle of conservation is admitted, I believe; vrith all its 
force. When transferred from one portion to anoQier portion 
of like matter, the full amount of heat appears. Wiien trans- 
ferred to matter of another kind an apparent excess or defi- 
ciency often results ; the word " capacity" is then introdiiceii, 
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which, while it admowledges the prineiple of coQseiTatioai 
leaves space for research. Whea employed in changing the 
state of bodies, the appearance and disappearance of the heat 
is proTidecl for consistently by the assumption of enlarged or 
diminished motion, or else spaoe is left by the term " capa- 
city" for the partial views which remain to be developed. 
When converted into mechanical force, in the steam or air 
en^e, and so bronght into direct contact with gravity, being 
then easily placed in relation to it, stall the conservation of 
force is fully respected and wonderfully sustained. The con- 
stant amoimt of heat developed in the whole of a voltaic cur- 
rent described by M. P. Favre,* and the present state of thn 
knowledge of thermo-electricity, are again fine, partial, or 
subordinate illiigtrafions of the principles of conservation. 
Even when rendered radiant, and for the time giving no trace 
or signs of ordinary heat action, the assumptions regarding 
its nature have pi-ovided for the belief in the conservation of 
force, by adaoitting either that it throws the ether into an 
equivalent state, in sustaining which for the time the power 
is engaged ; or else, that tlie motion of the particles of heat 
is employed altogether in their own transit from place to 
place. 

It is true that heat often becomes evident or insensible in 
a manner unknown to us | and we have a right to ask what 
is happening when the heat disappears in one part, as of the 
thermo-voltaic current, and appears in another ; or when it 
enlarges or changes the state of bodies ; or what would hap- 
pen, if the heat being presented, such changes were purposely 
opposed. We have a right to ask these questions, but not to 
ignore or deny the conservation of force ; and one of the 
highest uses of the principle is to suggest such inquiries. Ex- 
plications of similar points are continually produced, and will 
foe most abundant iroia. the hands of tiiose who, not desirhig 

■« Corat^ Rernlua isa4, vol. siuds,, p. 1212. 
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lo ease liieir labour by forgetting tbo principle, are ready to 
admit it, either tacitly, or, better still, effectively, being then 
coatinually guided by it. Sach philosophers believe that heat 
mnst do its equivalent of work; that if in doing work it 
seem to disappear, it is still producing its equivalent effect, 
though often in a manner partiaDy or totally unknown ; and 
that if it give rise to another form of force (as we imperfectly 
express it), that force is equivalent in power to the heat whidi 
has disappeared. 

What is called chmmcal aUraation affords equally instroc- 
tive and suggestive considerations in relation to the prineipio 
of the conservation of force. The indestructibilily of indi- 
vidual matter is one case, and a roost important one, of the 
conservation of chemieal force. A molecule has been en- 
dowed with powers which give rise in it to various qualities, 
and these never change, either in their nature or anaoimt. A 
particle of oxygen is ever a particle of oxygen — nothing can 
in the least wear it. If it enters into combination and disap- 
pears as oxygen — if it pass through a thousand combinations, 
animal, vegetable, mineral — if it lie hid for a thousand years 
and then be evolved, it is oxygen -with its first qualities, uei- 
tlier more nor less. It has all its original force, and only 
that ; the amount of force which it disengaged when hiding 
itself has again to be employed in a reverse direction when it 
is set at liberty ; and if, hereafter, we should decompose oxy- 
gen, and find it compounded of other particles, we should only 
increase the strengUi of the proof of the conservation of 
force, for we should have a right to say of these particles, 
long as fbey have been hidden, all that we could say of the 
oxygen itself. 

Again, the body of facts included in the theory of definite 
proportions, witnesses to the truth of the conservation of 
force ; and though wo know little of the cause of tie change 
of properties of the acting and produced bodies, or bow the 
'orces rf the former are hid amongst those of the latter, we 
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do not for aii instant doubt tlie conservation, bnt are moved 
to look for tlie manner in wtich the forces are, for tlie time, 
disposed, or if tliey have taken up another form of force, to 
searcb what that form may be. 

Even chemical action at a distance, which is in such an- 
tithetical contrast witli the ordinary exertion of chemical affin 
ity, since it can produce effects miles away from the particle'* 
oa which they depend, and which are effectual only by forces 
acting at insensible distances, still proves the same thing, the 
eonsei-vation of force. Preparations can be made for a chem- 
ical action in the simple voltaic circuit, but until the circuit 
be eompleta tliat action does not occur ; yet in completing we 
can so arrange the circuit, that a distant chemical action, the 
perfect equivalent of the dominaut ehemieal action, shall ba 
produced ; and this result, whilst it establishes the electro- 
chemical equivalent of power, establishes the principle of the 
conservation of force also, and at the same time suggests 
many collateral inquiries which have yet to be made and 
answered, before all that concerns the conservation in this 
case can be nnderstood. 

This and other instances of chemical action at a distance 
carry our inquiring thoughts on from the facts to the physical 
mode of the exertion of force ; for the qualities which seem 
located and fixed to certain particles of matter appear at a 
distance in connection with particles altogether different. 
They also lead our thoughts to tiie conversioti of one form of 
power into another ; as, for inistance, in the heat which the 
elements of a voltaic pile may either ahow at the place where 
tJicy act by their combustion or combination together, or in 
the distance, where the electric spark may be rendered mani- 
fest ; or in the wire of fluids of the different parts of tlie 
circuit. 

When we occupy ourselves with the dual forms of power, 
electricity, and magnetism, we find great latitude of assump- 
tion, and ueeessarlly bo, for the powers become more and 
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nioro complicated in their coniJitious. But still there is no 
apparent desire to let loose the force of the principle of con- 
servation, even in those cases where the appearance and dis- 
appearance of force may aoem most evident and striking. 
Electricity apjieara when there is consumption of no other 
force than that required for friction ; we do not know how, 
but we search to Imow, not being wiUing to admit that tlie 
electric force can arise out of nothing. The two electricitioa 
are developed in equal proportions ; and having appeared, we 
may dispose variously of the influence of one upon successive 
portions of the other, causing many changes in relation, yet 
never able to make the sum of the force of one kind in the 
least degree exceed or come short of the sum of the other. 
In that necessity of equality, wo see another direct proof of 
the conservatioa of force, iu the midst of a thousand changes 
that require to be developed in their principles befoixs we 
can coasider this part of science as even moderately Imown 
tons. 

Odc assumption with regard to eleetiieity is, tliat there is 
an electric fluid rendered evident by excitement in plus and 
minus proportions. Another assumption is, that there are 
two fluids of electricity, each particle of each repelling aU 
particles like itself, and attracting all particles of the other 
kind always, and with a force proportionate to the inverse 
square of the distance, being so far analogous to the deflni- 
tion of gravity. This hypothesia is antagonistic to the law 
of the conservation of force, and open to all the objections 
that have been, or may be, made against the ordinaiy defini 
tion of gravity. Another assumption is, that each particle of 
the two electricities has a given amount of power, anl can 
only attract contrary particles with the sum of that amount 
acting upon each of two with only half the power it could in 
like circumstances esert upon one. But various as aio tlio 
assumptions, the conservation of force (though wanting ia the 
second) is, I think, intended to be induded in all. I miglii 
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repeat the same observataons nearly in regard to magnotism- 
wlieihcr to bo assumed as a fluid, or two fluids or electi'ic cur 
renta — wlielJier tlie external action be supposed to be action 
at a distance, or dependent on an external condition and 
lines of force — still, all are intended to admit the t 
tion of power as a principle to which the pheE 
subject. 

The principles of physical knowledge are now so far de- 
veloped as to enable xis not merely to define or describe the 
hnown, but to state reasonable expectations re^aiding the 
unhnovmj and I thujb the ptmcipl© of tht, conHervalion of 
force may greatly "ud espeiimcntil philosophers m that duty 
to science, which consists in the enunuation of problems to 
be solved. It will lead u'*, m an\ case whe e the force re 
maining unchanged m form is alteied m direction only to 
look for the new dispoiition of the force ; as in the c^ses of 
magnetism, static electricity, and perhaps gr■^■vit^ in 1 to a^ 
certain tliat as a whole it remains unchanged in amount — oi, 
if the original force disappear, either altogether or in part, it 
will lead us to look for the new condition or form of force 
which shoald result, and to develop its equivalency to the 
force that has disappeared. Likewise, when force is devel- 
oped, it win cause us to consider the previously-existing equiv- 
alent to the force so appearing ; and many such cases there 
are in chemical action. When force disapi>ears, as in the 
electric or magnetic induction after more or less discbarge, or 
that of gravity with an increasing distance, it will suggest a 
research as to "whether the equivalent cliange is one within 
the apparently acting bodies, or one exterjud (in part) to 
them. It will also raise up inquiry as to the nature of the 
internal or external state, both before the change and after. 
If supposed to be external, it wiU surest the necessity of a 
physical process, by which the power is communicated from 
body to body ; and in the case of external action, wih lead 
to the inquiry whether, in any case, there can be truly action 
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at a distance, or whether the ether, or some other medium, i> 
not necessarily present. 

"We are not pennliied as yet to see the nature of the source 
of physical power, but we are allowed to see nrnch of the 
consistency existing amongst the various forma in which it is 
presented to us. Thus, if, in static electricity, we consider 
an act of induction, we can perceive the consistency of all 
other like acts of induction with it. If we then take an elec- 
tive current, and compare it with this inductive effect, we see 
their relation and consistency. In the same manner we have 
arrived at a knowledge of the consistency of magnetisni witJi 
electrimty, and also of chemical aeiion and of heat with all 
the former ; and if we see not the consistency between gravi- 
tation with any of those forms of force, I am strongly of tlie 
mind that it is because of our ignorance only. How imper- 
fect would our idea of an electric current now be, if we were 
to leave out of sight its origin, its static and dynamic induc- 
tion, its magnetic influence, its chemical and heating effects ; 
or our idea of any one of these results, if we left any of the 
others lanregarded? That there should be a power of gravita- 
tion existing by itself, having no relation to the other natural 
powers, and no respect to the law of the conservation of force, 
is as little likely as that there should be a principle of levity 
as well as of gravity. Gravity may be only the residual part 
of tlie otlier forces of nature, as Mositi Las tried to show ; 
but that it should fall out from the law of all other force, and 
should be outside the reach either of forfher experiment or 
philosophical conclusions, is not probable. So we must strive 
to leam more of this outstanding power, and endeavour to 
avoid any definition of it which is incompatible with Uie prin- 
ciples of force generally, for all the phenomena of nature lead 
ns to believe that the great and governing law is one. I 
would much rather incline to believe that bodies affecting 
each other by gravitation act by lines of force of definite 
amoant (somewhat in the manner of magnetic or electric in- 
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iuction, tLough witli polarity), or by an etiier pervading all 
parts of space, tlian admit tliat the conservation of forco 
could be dispensed with. 

It may be supposed, that one who has little or no matlie 
matical knowledge should hardly assume a right to judge ol 
the generality and force of a principle such aa that which 
forms (he subject of these remarks. My apology is this : I 
do not perceive that a mathematical mind, simply as such, ha? 
any advantage over an equally acute mind not naathematical 
in perceiving the nature and power of a natural principle of 
action. It cannot of itself introduce the knowledge of any 
new principle. Dealing with any and every amount of static 
electricity, the mathematical mind has balanced and adjusted 
them with wonderful advantage, and has foretold results 
which the experimentalist can do no more than verify. Bat 
it could not discover dynamic-electricity, nor electro-magnet- 
ism, nor magneto-electricity, or even suggest them ; though 
when once discovered by the experimentalist, it can take them 
up with extreme facility. 

So in respect of the force of gravitation, it has calculated 
the results of the power in such a wonderful manner as to 
trace the knovni planets through their courses and pei'tnrba- 
tions, and in so doing has discovered a planet before unknown ; 
but there may be results of the gravitating force of otlicr 
kinds than attraction inversely as the square of tlie distance, 
of which it knows nothing, can discover nothing, and can 
neither assert nor deny their possibility or occurrence. Under 
tliese circumstances, a principle which may be accepted aa 
equally strict with mathematical liuowledge, comprehensible 
without it, applicable by aU in their philosophical logic, wlmt- 
ever form that may take, and above all, suggestive, encom'- 
aging, and instructive to the mind of the experimentalist, 
should be the more earnestly employed and the more fre- 
quently reso3^«d to when we are labouring either t« discover 
new regions of science, or to map out and develop those 
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which, are known, iato one iiarmonioas whole ; und if in su<;h 
BtriYingBf we, whilst applying ihe principle of conservation, 
see but imperfectly, still we should endeavour to sea, for even 
an obscure and distorted vision is better than none. Let ua, 
if we can, discover a new thing in any shape; the true ap- 
pearance and character wiH be easily developed afterwards. 

Some are much surprised that I ehowld, as ttey think, 
ventui'e to oppose the conclnaions of Newton ; but here there 
is a mistake. I do not oppose Newton on any point ; it ia 
rather those who sustain the idea of action at a d stan f that 
iioniradiet him. Doubtful as I ought Ui be of my It I am 
certainly very glad to feel that my convictions aie a accori 
ance with his conclusions. At tbe same time, tlios ■who oc 
cupy themselves with such matters ought not to lepend ilfo- 
gether upon authority, hut should find reason wi hin them 
selves, aft«r careful thought and consideration to use and 
abide by tlieir own judgment. Newton him&elf, wl Ist lefer 
riug to those who were judging his views, speaks of s ch is 
are competent to form an opinion in such mat teri an 1 mak s 
a strong distinction between them and those who i\ ere neon 
petent for the case. 

But atier all, the principle of the conservation of force 
may by some be denied. Well, tlien, if it be nnfounded even 
in its application to the smallest part of the science of force, 
the proof must be witbin our reacli, for all physical science 
is so. In that case, discoveries as large or larger than any 
yet made, may be anticipated. I do not resist tlio search for 
them, for no one can do harm, but only good, who works 
with an earnest and truthful spirit in such a direction. But 
lot us not admit the destruution or creation of force witkout 
clear and constant proof. Just as the cliemist owes all the 
perfection of his science to his dependence on the certainty 
nf gravitation applied by tlie balance, so may the physical 
philosopher expect to find the greatest security and tlie utmost 
aid in the principle of the conservation of fo'ce. All that 
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we have that ia good and safe, as the steam-engine, the eleo 
trie-telegraph, &c., witnesB to that principle — it would require 
a perpetual motion, a fire ■without heat, heat without a source, 
action without reaction, cause with, effect, or effect without a 
cause, to dLsplace it from its rank as a law of nature. 



During the year that has passed since the puhlication of 
the foregoing views regarding gravitation, &c., I have come to 
various observations upon them, some 
s favourable : these have given me no reason to 
change my own mode of viewmg the snbject ; but some of 
them mate me think that I have not stated the matter with 
sufficient precision. Tlie word "force" is understood by 
many to mean simply "the tendency of a body to pass from 
one place to another," which is equivaieiit, I suppose, to the 
phrase " mechanical force ; " those who so restrain its mean- 
ing must have found my argument very obscure. What I 
mean by the word " force," is the cause of a physical action ; 
the source or sources of all possible changes amongst the 
particles or mateiials of the universe. 

It seems to me that the idea of the conservation of force is 
absolutely independent of any notion we may form of the 
nature of force or its varieties, and is as sure and may be as 
firmly held in the mind, aa if we, instead of being very 
ignorant, understood perfectly every point about the cause of 
force and the varied effects it can produce. There may be 
perfectly distinct and separate causes of what are called 
chemical actions, or electrical actions, or gravitating actions, 
constituting so many forces ; but if the " conservation of 
force" is a good and true principle, each of these forces must 
be subject to it : none can vary in its absolute amount ; each 
must be definite at all times, whether for a particle, or for all 
(he particles in the universe ; and the sum also of the three 



Hosted .vGoogle 



USi) THE CONSERVATION OF FOJICE. 

forces must be eiiually uncliaiigcablc. Or, there may be Ijul 
oae eanse for tkese three sets of actions, and in p]a«o of three 
forces we may really have but one, convertible in ils manifes- 
tations ; then the proportions between one set of actions and 
another, as the chemical and the electrical, may become very 
variable, so as to be utterly inconsistent with the idea of the 
eons ervation of two separate forces (the electrical and 
the chemical), but perfectly consistent with the conservation 
of a force, being the common cause of the two or more set^i 
of action. 

It ia porfectly troe that we cannot tilways trace a force by 
its actions, though we admit its conservation. Oxygen and 
hydrogen may remain mixed for years without showing any 
signs of chemical activity ; they may be made at any given 
instant to exhibit active results, and then assume a new 
state, in which again they appear as passive boiHes. Now, 
though we cannot clearly explain what the chemical force is 
doing, that is to say, what are its effects during the three 
periods before, at, and after the active eombination, and only 
by very vague assumption can approach to a feeble concep- 
tion of its respective states, yet we do not suppose the creation 
of a now portion of force for the active moment of time, or 
the less believe that the forces belonging to the oxygen and 
hydrogen exist unchanged in their amount at aU these periods, 
though varying in their results. A part may at the active 
moment be thrown off as mechanical force, a part as radiant 
force, a part disposed of we know not how ; but believing, by 
Ihe principle of conservation, that it ia not increased or 
destroyed, our thoughts are directed to search out what 
ftt all and every period it is doing, and how it is to be 
recognized and measured. A problem, founded on the 
physical truth of nature, is stated, and, being stated, is on tlie 
viay to its solution. 

Those who admit the possibility of the common origin of 
all physical force, and also aolnowledge the principle of con- 
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servatioD, apply that principle to tlie sum total of tke force 
Thoiigli ILe amotmt of mechanical force (using tabitual lan- 
guage for conTecience sake) may remain unchanged and 
definite in its character for a long time, yet when, as in the 
collision of two equal inelastic bodies, it appears to be lost, 
they find it in the form of heat; and whether they admit that 
heat to be a continoed mechanical action (aa is most probar- 
ble), or assume some other idea, as that of electricity, or 
action of a heal^-flaid, still they hold to the principle of con- 
Hervation by admitting that tlie butq of force, i. e. of the 
" cause of action," is the same, whatever character tbe effecta 
assume. With them the convertibility of heat, electricity, 
magnetism, chemical action and motion, is a familiar thought ; 
neither can I perceive any reason why they should he led to 
exclude, d priori, the cause of gravitation from assodation 
with the cause of these other phenomena respectively. All 
that they are limited by in their various inveatigaliona, 
■wiiatever directions they may take, is the necessity of mak- 
ing no assumption directly contradictory of the conservation 
of force applied to the sum of all the forces concerned, and to 
endeavour to discover the different directions in which the 
variouB parts of the total force have been exerted. 

Those who admit separate forces inter-nnchangeable, 
have to show that each of these forces is separately subject 
to the principle of conservation. If gravitation be such a 
eepai-ate force, and yet its power in the action of two par- 
ticles be supposed to be diminished fourfold by doubling the 
distance, surely some new action, having true gravitation 
character, and that alone, ought to appear, for how else can 
the totality of the force remain unchanged? To define the 
force as " a simple attractive force exerted between any two 
or aU the particles of matter, with a strength varying in- 
versely as the square of the distance," is not to answer the 
question ; nor does it indicate or even a=iSHme what are the 
other complementary results wb.ich ocfni ; or allow the sup' 
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poBitioa that such are necessary : it is simply, as it appears 
to me, to deny the conserYation of force. 

As to the gravitating force, I do not preaumo to say that I 
have the least idea of what occurs in two particles when their 
power of mutually approaching each other is changed hy 
their being placed at different distances ; but I have a strong 
conviction, through the influence on my mind of the doctrine 
of conservfttiou, that there is a change ; and that the phe- 
nomena resulting from the change will probably appear some 
day as the result of carefiil research. If it be said that 
<* 'twere to consider loo curiously to consider so," then I 
must dissent : to refrain to consider would be to ignore the 
principle of the conservation of force, and to stop the inquiry 
which it suggeste — wheresw to admit the proper logical force 
of the principle in our hypotheses and considerations, and to 
permit its guidance in a cautious yet courageous course of in- 
vestigation, may give us power to enlarge the generalities we 
already possess in respect of heat, motion, electricity, mag- 
nelJsiM, &c., to associate gravity with them, and perhaps 
enable us to know whether the essential force of gravitation 
(and other attractions) is internal or external as respects the 
attracted bodies. 

Keturning once more to the definition of the gravitating 
power as " a simple oMraeHve fm-ce exerted hclween any two or 
all the paiiides or masses of maiter at every se^isihle distane,e, 
hut with a STRENGTH VABYiHQ iiiv&fsely as the sgware of the 
distance" I ought perhaps to suppose there are many who 
accept this aa a true and sufficient description of the force, and 
who therefore, in relation to it, deny the principle of conser- 
vation. If both are accepted and are thought to be consist 
ent with each other, it cannot he difficult to add words 
which shall make "varying strength" and "conservation' 
agree together. It cannot be said that the definition merely 
applies to the effects of gravitation as far as we know them. 
So understood, it wonld form no barrier to progress ; for, 
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ihat particles at different distances are m-gcd toward eacli 
other with a power varying inyersely as the sqnare of the 
distance, is a truth ; but the definition has not that mean- 
ing ; and what I ohject to is the pretence of knowledge 
which the definition sets up when it assumes to descrihe, not 
(he partial effects of tlie for<ie, but the nature of lie force 
as a whole. 
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JiFSTirs TON LiEBio, bom at DarmstaiJt in 1803, after spending ton 
monUis in on apolhecary's shop, entered tiie Uuiveisilj of Bonn iu 1819, 
nad siierwards graduated m mcdidue iu lEriaugen. In 1822 he went to 
Paris, where he studied chemistry two jcara. la 182i he read a paper on 
Hie Fulminates before the French Eiatitntfi, which attracted the attenUon of 
Humboldt, bj wioae influence he waa appointed adjmiot ProfeSBOr of Chem- 

istrj in the UiJvetsity of ffiessen. He became profraaor of this iastitulaon 
hi 1836, and establlahed here the first laborSitorj in German; for teaching 
practical chemistry. In 1840 he published bis " Chemtstrj iu its applica- 
lions to Agriculture and Phj^oi(^," iu the form of a report to the British 
Association, In 1842 iie reported to tbe same body his worlc on "Anhnal 
Chemistry." About the same time appeared his " Familiar Letters on 
Chemistry," which has suice been rewritten and much extended. He is the 
anfhoc oIbo of TariouB otiier valuable works. He remajned at GieBsen till 
1862, when he became professor and president of the laboratory in the 
University of Mmiich. tn 1854 his Mends in Europe contribute and pre- 
aentad to lu'rn jEl,0O0, and in 1860 he became Pfeaident of the Academy of 
Sciences in Munich. Professor IJeh^ is a bold and intrepid iuTcstigator, 
and an ardent writer, who has made a profound impression upon his age. 
While soma of bis views have not been acc^ted in iJie chemical world, and 
indeed have been abandoned by himself) others have talien thdr place as 
valoable additjons to the body of scientific truth. The charge that some of 
his doetrinefl have proved erroneous docs not disturb him ; in the true scien- 
tific sphit he replies, " Show me the man who malies no mistakes, and I will 
show you a man who has done nothing." 
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THE CONNECTION AND EQUIVALENCE 
OF FORCES. 



JT IS well known tliat our macHnes create no power, liut 
only return what they have received. The motion of a 
clock J8 prodneed by a weight or a spring ; but it is the power 
of the human arm apphed to stretch the spring or elevate tlie 
weight, which is expended in the movement of the wheels and 
penduffim in twenty-four hours, or in eight or fourteen days. 

A. water-wheel sets in motion, in a null, one or more mill- 
stones ; in a foimdry, one or more hammers ; in saltworks 
or mines it pumps or raises weights to certain heights ; in 
factories, it communicates movements to looms, spinning mar 
chines, and rollers. In all these instances, the work per- 
formed by the water-wheel is due to the force exerted by the 
falling wat«r on the buckets, which seta the wheel in motion ; 
and this force must be greater than the resistance presented 
by the different machines in operation. The performaaee of 
the machine is measurable by this force. 

The work cf a steam-en^e is executed by the movement 
of a piston upwards and downwards by the pressure of steam, 
just as a water-wheel is moved by the pressure of water. 
The cause of this pressure is heat, which is derived from flie 
chemical process of combnstion, and Is absorbed by water. 
By this heat, steam is produced, and the necessary expansion 
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obtained for the movement of the piaton. It is heat, in thia 
last form, which performs the mechanical work of the ma 

Every force a«ts by producing pressure either from or tow- 
ards the centre of molion. In every machine in operation 
the amount of power is always measurable by the resistanca 
overcome ; and this again can be expressed by corresponding 
weights, which tliat power is capable of raising to a cerlain 
height. If one man raises by a pump, in one minute, 150 lbs. 
of water, and another 200 lbs. ; or if one horse draws to a 
certain diBtance a load of 20 cwt., and a,nother a load of 30 
ewt., it is evident that these numbers express the relative 
working power of these two men or horses. In mechanics, 
the working power of every machine is expressed in horse 
power, that is, a force capable of elevaiing in eacli second 75 
kilogrammes (=2|^ Iha. avoirdupois) to a height of one meter 
(39-37 inches). 

The whole power commimicatod to a machine is not actu- 
ally available, but is in part lost by frIclioQ. For if two 
machines possess the same povrer, it is found that the greater 
quantity of work wiQ be executed by the one which has to 
overcome the smaller amount of Mclioa. In mechanics, 
friction is always regarded aa acting in direct opposition to 
molion in every machine. It was believed that the working 
power of a raadiine could be absolutely annihilated by it. 

As the proximate cause of the cessation of motion, friction 
was a palpable fact, and could aa such he taken into account ; 
hat a fetal error ■was committed in giving a theoretical view 
of its mode of action. For if a power could be annihilated, 
or, in other words, have nothing as its effect, then there would 
be no contradiction involved in the belief, that out of nothing 
also power could be created. To this erroneous idea we may 
partlytrace the belief, held for ecaturies by most able men, in 
the possibility of diaeovering a machine which should renew 
within itself its own power as it was expended, and thus ever 
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continue in motion, witliout the necessity for any external 
motive force. Tlie discovery of such a perpetual motion waa, 
indeed, "wortliy of every effort. It would be as valuable as 
the bird which lays the golden eggs ; for by ifjs means laboui 
would be performed, and money made in abundance withoui 
Buy expenditure. 

A mass of facts, hitherto Tmintelligible, have had mnch 
light thrown upon them by a more correct view of natural 
forces, for which we are indebted to a physician. Dr. Mayer, 
of Heilbroan, and which, by the investigations of the most 
eminent natural pbiloaopliers and mathematieians, has attained 
a signifioaace and importance ecarecly to be foreseen. 

According to Dr. Mayer, forces are causes, in which fuU 
appKcation of the axiom must be found, that every cause 
mnst produce an effect which corresponds and is equal to the 
cause. Causa csquat effectwm. Thus if a cause produces 
an effect E, then C==E. Should fbe effect E become the 
cause of another effect e, then also E = e ^ C. In such a 
chain of causes and effects no link, or part of a lint, can ever 
become nothing = nothing. Should a given cause C have pro 
doced its corresponding effect E, then C ceases to exist, for 
it has been converted into E. Consequently, as C passes into 
E, and the latter into e, it foUowa that all these causes, as far 
as relates to their gy,aniity, possess the property of mdostruGtv- 
hilitt/, and to their quality that of convertibility. In number- 
less cases we see a motion cease, without its usual effects 
being produced, such as lifting a weight or load ; but as the 
force which has caused the motion cannot be reduced to 
nothing, tlie question arises, what form has it assumed. Ex- 
perience gives the answer, by showing that wherever molion 
is arrested by friction, a blow, or concussion, heat is the re- 
sult. The motion is the cause of the heat. 

ITie rapid friction of two plates of metal can raise their 
temperature to redness, and cause the ebullition of water if 
the friction fakes place below its surface. In like manner, 
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by rapid motion the iron tires of carriage wheels become frc 
quenlly so hot that they cannot be touched. In grinding 
needle-points the ateel is heated to redness, and the detached 
particlea burn with sparks. The -wooden breaks of railway 
carriages become frequently so hot by friction that their snr 
face emits an empyreumatic odour. By the friction of an 
iron grater, particles of white sugar can be melf«d and heated 
so far as to acquire the tast« of burnt sugar (Caramel). Tlie 
heat evolved by the friction of two pieces of ice is sufEcien t to 
melt them. 

In the English steel-foundries a bar of steel 10 or 12 
inches long, by beiug heated at one end in a forge, is welded 
by hammering to another slender bar, 10 or 13 feet long, 
without the necessity of further direct application of heat — a 
point of great importance for the preservation of the good 
quality of the steel. Every spot on which the powerful blows 
of the hammer rapidly descend, becomes red hot, and to the 
spectators the red glow of heat appears to run up and down 
the bar. This glow is produced by the blows of the hammer, 
and corresponds to an amount of heat sufBcient to raise many 
pounds of waf«r to the boUing point ; whUst the end of tlic 
bar heated in the fire would scarcely by itself raise to the 
same temperature as many ounces of water. 

According to the preceding views a precise connection 
exists between the blows of the hammer (the cause) and the 
heat produced (the effect) ; and natural philosophers have 
devised the most ingenious experiments to show this relation. 
The working power is in this case converted into heat. If 
tJie view of Mayer be correct, then should we by this amount 
of heat thus obtained, be able to reproduce the same amount 
of work, viz., the •same number of blows of the hammer. Bnl 
a closer view of the point shows that we require to elevate 
the hammer, and that therefore its working power was not 
inherent, but only lent to it. The hammer was elevated by a 
wa'er-wheel set in motion by a certain weight of water falling 
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on its IjueketB. . Thus to raise a liammer weighing ten pounds 
to the height of one foot requires at least the fall of ten pounda 
weight of water from a heiglit of a foot. It was then, properly 
Bpealdng, this weight of falling water which produced the 
heat through means of the hammer. By eimply altering the 
arrangement of the machinery, the same force would have 
caused a mill-stone to revolve with great rapidity on its axis, 
or raised by friction two iron disks to a red heat. 

From experiments instituted to elucidate this point, it has 
been established that 13,500 blows of a hammer, weighing 10 
pounds, falling on a bar of iron irom a height of one foot, pro- 
duce an amount of heat sufficient to raise one pound of wafer 
irom the freezing point to that of ebuUiflon. This feet may 
bo represented in another way by saying, that 1,350 cwts. of 
water, falling from a height of one foot, will raise the temper- 
ature of 1 lb. of water from freezing to the boiling point ; or 
1,350 lbs. of water falling from the sam.e height wiU. raise one 
pound of water one degree in temperature, or iu other words, 
that this amount of heat corresponds to a working power, 
capable of elevating 13 J cwt. to ilie height of one foot. 

Wherever motion is loit in a machine by friction or by 
concussion, theie is always produced a correipondmg amount 
of heat. When, on the other hand, a i^rtim quantity ot 
work is performed by heat, there disappears, with the me- 
ehanical eflect oblimed, a cerfam amount of hcit, which is 
expressed by saying that the hi.it last by one pound of wafer 
in falling one degiee m tempciature, is equdl to the elevation 
of Wi cwt to the height of om foot Ihis quantity of he-it 
becomes then the equivalent oi value of the i\ orkiug power 
expressed by the above numbei'? 

This constant n.lationbet'weenhcat and mechanical move- 
ment has been confirmed m Ihe mnst ^ ane I m muLi A i od 
of metal is extended by a weight, and on its removal resumes 
its original length, provided certain limits be not exceeded. 
The same effect is produced by heat ; and it is evident thai 
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an equal fort-e mu-'t be exerted by the rod in its extensioD 
lis in its contraction. Now, experiment lia^ sho^ii that Ilia 
relation expressed by the aumbera above given, nraat exist 
betweea a given extension of a bar of iron, and the heat or 
weight which has caused that extension, viz., tliat a quantity 
of heat sufficient to raise a pound of water one degree iu 
temperature, wiU, when communicated to a bar of iron, en- 
able it to elevate a weight of 1,350 lbs. to the height of oue 
foot. 

An interesting application of this faot was long ago made 
in the Conservatoire des Arts et Metiers, in Paris. la tJiis 
building, which was formerly a convent, the nave of the church 
was converted into a musetim for industrial products, machines, 
and implements. In its arch, traversing its length, appeared 
a crack, which gradaally increased to the width of several 
inches, and permitted the passage of rain and snow. The 
opening could easily have been closed hy stone and lime, but 
the yielding of the side walls would not have been prevented 
by these means. The whole building was on the point of 
being pulled down, when a natural pliilosopher proposed the 
following plan, by which the object was accomplished. A 
number of strong iron rods were firmly fixed at one end to a 
side wall of the nave, and after passing through the opposite 
wall were provided on the outside with large nuta, which 
were screwed up tightly to the wall. By applying burning 
straw to the rods, they extended in length. The nuts by this 
extension being now removed several inches from the wall, 
were again screwed tight to it. The rods on cooling con- 
tracted with enormous force, and made the side walls ap- 
proach each other. By repeating the operation the crack 
entirely disappeared. This building with its retaining roda 
is still in existence. 

The working power of a machine, set in motion by elec- 
tricity, can be expressed by numbers, in the same way as the 
mechanical effect of heat. An electrical current is generated 
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by a rotating magnet or by solution of zinc in the galvanic 
battery. Such a current, iu circulating through a thick oi 
thin -wire, exhibits the same deportmeat as a fluid flowing 
through a wide or narrow tube. As a given quantity of fluid 
requires more time or greater pressnre to pass through a nai-- 
row tube than through a large, so a thin wire offers a greater 
resistance than a thick one to the passage of a current of elec- 
tricity. The cmrent is thus retarded and diminished, one 
portion only passing through the conductor, the other being 
converted into heat. According to the amonct of heat thus 
produced by the conversion of the electricity, a conducting 
wire of platinum can be fused, one of gold fused and con- 
verted into vapour, and a considerable quantity of water 
brought into violent ebullition by passing the ctu'rent through 
a thin platinum wire wound round a glass tube in a spiral 

If the electrical current circulates through a wire woimd 
spirally round a bar of iron, the latter is converted into a 
powerful magnet capable, of attracting and carrying several 
hundred weights of iron. The electrical is coaverted into the 
magnetic force, by which a machine may be set in motion. 
The power of attraction conununicated to the iron bar is in 
exact proportion to the amount of electricity circulating in 
the surrounding wire, and this current is again dependent on 
the property of the conductor. That portion of electricity 
which in the conductor is converted into heat, produces no 
power of attraction in the iron bar. It follows, from the 
foregoing, that the quantity of electricity which circulates, of 
that which produces heat, and the amount of magnetic power 
convertible info working power, stand in the same relation to 
each other, as the working power produced in a machine by 
the pressure of falhng water to the heat generated by friction 
and concussion in the same machine. The ss 
electricity which, when converted into heat by the r 
of the conductor, raises by one degree the femperatui 
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pound of water, generates a magnetic force capable «f ele- 
vating a weight of 13^ cwt. to Ihe height of one foot. 

If the metallic wire through which the electiieily is cir- 
culating, he cut, and both ends immersed in wafer, a chemical 
decomposition of the water into hydrogen and oxygen takes 
place. Th.0 circulating electricity is converted into chemical 
affinity, and into a power of attraction which causes the sep- 
aration of the elements of water. With the evolution of the 
hydrogen and oxygen all traces of tlie electrical current dis- 
appear. The power to produce heat and magnetic force, the 
usual effects of the electrical current, is apparently in this 
case annihilated, and in its place we obtain two gases, one of 
which, hydrogen, when bnroed in oxygen, reproduces water 
and evolves heat. Now it has been" proved, by careful ex- 
periments, that an electrical current of a given atrengfli, 
which, when converted into heat in a conductor, is capable 
of rfusing the tcmperattu-e of a pound of water by one degree, 
win produce by the decomposition of water a quantity of hy- 
drogen, by the combustion of which one pound of water can 
also be elevated one degree in temperature. 

The heat and power of attraction which were apparently 
lost by the decomposition of the water, had only become 
latent, ao to speak, in the elements of water. This heat is 
t^in set free on the reunion of these elements, and if con- 
verted into working power, would produce the some result 
(viz., raising a given weight a foot high) as wonld have been 
effected by a magnetic power generated by a quantity of elec- 
tricity circulating round a bar of iron, equal to that which 
was originally employed in tlie decomposition of the water. 

The electrical current is the consequence of a chemical 
action, and the amount of electricity which circulates can 
dierefore be measured by the quantity of zinc which is dis- 
solved. The chemical force (affinity) is converted by the 
solution of the zinc into a corresponding quantity of dec 
tricity : and this again in the conductor info its equivalent of 
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Jieat, or into magnetic force, or, as in the ease of tlie ilccom- 
position of water, into chemical force. Li no ease is there a 
diminution or increase of force. If, according to the materi- 
alist, matter is indestructible, the same holds good with regard 
to force. It ia not estingnished ; its apparent annihilation, 
its disappearance, is only a conversion into some other form. 
We know now the origin of the heat and light which 
warm and illuminate our dwellinga, of the heat and power 
generated in our hodies by the vital process. Plants ore the 
one source of all materials used for the production of heat 
aud light, and of that nourishment which must be daily taken 
to maintain the phenomena of vitaJily. The elements of 
plants are earthy in their nafnre, and are obtained from 
water, earth, and air. In plants, certain inorganic com- 
pounds — carbonic acid, water, and ammonia — are docom- 
posed. The carbon of the carbonic acid, the hydrogen of 
the water, and the nitrogen of the ammonia, are retained as 
constituents of their organs, but the oxygen of tho carbonic 
acid and of the water are returned as gas to tlie air. With 
out light, however, plants cannot grow. 

The vital process in plants exhibits itself as directly oppo- 
site in its character to the chemical process in the formation 
of salts. 

CaTbonie add, water, and mic, when brought together pro- 
doce a certain effect on each other. In virtue of chemical 
affinity there is formed a white powdery compound, contain- 
ing carbonic acid, zinc, and oxygen from the water, and 
hydrog&rt is at the same time evolved. 

In plants, the living bud or paart of the plant takes the 
place of the zinc. By their growth are formed, from carbonio 
acid and water, compounds containing carbon and hydrogen, 
or carbon and the elements of water, and oxygen is at die 
same time evolved. Sunlight acts in living plants like elec- 
tricity, which arreste the natural attraction of the element!! of 
water, and separates them fiom each other. 
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Without the light of the sun plants cannot grow, Tho 
living germ, tlie green leaf, owe to the sun their power of 
transforming earthy elements into living, vigorous structures. 
The germ may, indeed, be evolved under ground without the 
action of light, but only when it breaks through the surface 
of the soil does it 0Tst acquire the power, by the sun's rays, 
of converting inorganic elements into its own structure. The 
illuminating and heating raya of the snn, in thus bestowing 
life, lose their own light and heat. Their power now becomes 
latent in the new products of the frame, which have been 
produced under their influeiice from carbonio acid, water, and 
ammonia. The light and heat with which onr dwellmgs are 
illuminated and warmed are but those bestowed by the sun. 

The food of men and animals cousiata of two classes of 
materials, which differ totally in their nature. One class is 
destined to the production of blood and the maintenance of 
the structure of the body ; the other is similar in composition 
to ordinary materials for combustion. Sugar, starch, the 
gum of bread, may be regarded as transformed woody fibre, 
for we can prepare them from this substance. Fat, in its 
amount of carbon, resembles closely mineral coal, "We heat 
our bodies as we do stoves, by combustibles which possess the 
same elements as wood and coal, but which differ essentially 
from them by being soluble in the fluids of the body. 

The elements of nutrition from which tho temperature of 
the body is derived, evidently produce no mechanical power ; 
because power is but converted heat, and the heat which 
maintains and elevates the temperature of the body does not 
produce any other effect than that of warmth. 

All those mechanical operations constantly taking place in 
the living body, in the movement of organs and Umbs, are 
dependent on an accompanying change in the composition 
and properties of those highly complex sulphur and nitrogen 
constituents of the muscles, which, though furnished by the 
blood, are in the first instance derived directly from the food 
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of man. The change of position in tie elemeats of these 
complex bodies, attendant on their rearrangement into new 
and simpler compounds, necessarily gives rise to motion ; and 
the molecular movement of the particles in a stat« of change 
•s transferred to the mascular mass. Chemical action is thua 
evidently tlie source of mechanical power in bodies. 

The elements of tJie food of men and animals which give 
rise to power and heat, are produced in living plants only by 
tlio action of sunlight. The rays of the snn become latent, 
50 to speak, in them in the same way as the current of elec- 
ii-icity becomes latent in the hydrogen by decomposition of 



Man, by food, not only maintains the perfect atrueture of 
Ids body, but he daily lays in a store of power and heat, de- 
rived in the first instance from the sun. This power and 
heat, latent for a time, reappeare and again becomes active 
when the living structures are resolved by the vital processes 
into their original elenaents. 

The rays of the sun add daily to the store of indeafcriicti- 
ble forces of our terrestrial body, maintaining life and motion. 
Thus, &om beyond the limits of our earth, the body, the more 
earthly vessel, derives all that may be called good in it, and 
of this not a single particle is ever lost. 
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THE OQKRELATIOJJ 
PflrSIOAL AND VITAL FOEOES 
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William Binjamin Cjefebtoh, the emiuent English phjEJobgist, wna 
bora in llie early part of this centnrj, sM grodnated as doctor of medicma 
in Ediaburgh in 1839. He oommenoed pra^itice in Bristol, but Sias becm 
ohiefly occupied as a, lecturer and author. His moat important works ara 
(he "Principles ol General and Oomparatiye Phjaiologj" (1889), tho 
"Frindples of Bamoii Pbysiolt^" (1848), which reached a fifth ediUon in 
1866, and " The Microawope, its Kevelatione and Uses" (1856). He ia tho 
author of vaiioua minor, but valuable works, and of many elaborate papers 
in the ojclopediae and sdentifio periodloala. For many years he waa editoi 
of the "British and Foreign Medieo-Chirut^cal Keview." He was elected 
a member of the Eojal Sodety in 1814, and ia now Profesaor of Medical 
Jurispradenoe in Dnivera-tj College, London ; Lecturer on General Anatomj 
and Phyaiologj at the London Hospital and School of Medicine, and Ei 
aminer in Physioiogy and Comparatiye Anatomy in the UniTeraltj' of Lon- 
don. In 1860 he publiahed an able paper in tlie Transactions of the Royal 
Sodety on the " Mutual RelaUona of the Vital and Pby^cai Foroea," and 
has pubhshed upon the same general subject, the eaaa^ which cloae thia yol- 
mae, in the new Quarterly Jonmal of Sdence for the present year, Dr, Cai> 
pentcf ia an able and original thinter, as well aa a volmninoua ivritcr, aad haa 
made many valnalile coutributlona to tlic progress of physiolojijnal science. 
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ON THE COKEELATION OP TIIE PHYS- 
ICAL AND VITAL rOECES. 



IN every period of the history of HiyBiology, attempts 
have been made to identify all the forces acting in tie 
Living Body willi those operating in the Inorganic universe. 
Because muscular force, when brought to bear on the bonoa, 
moves them, according to the mechanical laws of lever action, 
and because the propulsive power of the heart drives the 
blood througli the vessels according to the rules of hydraulics, 
it has been imagined that the movements of living bodies may 
be explained on physical principles ; the most important con- 
sideration of all, namely, the source of that contractile power 
■which the living muscle possesses, but which the dead muscle 
(though having the same chemical compositdon) is utterly in- 
capable of exerting, being altogether left oat of view. So, 
again, because the digestive process, whereby food is redaced 
to a fit state for absorption, as well as the formation of va- 
rious products of the decomposition that is continually taking 
place in the living body, may be initiated in the laboratory 
of the chemist ; it has been snpposed that the appropi-iation 
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of the nutriment to the production of tlio living orgauized 
tissues of whieli the several parts of the body are composed, 
is to be regarded as a chemical action — as if any combination 
of albumen and gelatine, fat and Btarch, salt aad bone-earth, 
could mate a living Man without the constructive agency ic 
hercnt in the germ from wMcb his bodily fabric is evolved. 

Another class of reaaoners have cut the knot which they 
could not untie, by attributing all the actions of living bodies 
for which Physics and Chemistry cannot aceoimt, to a hypri- 
thetjcal " Vital principle ;" a shadowy agency that does every 
thing in its own way, but refuses to be made the subject of 
scientific examination ; like the " od-force " or the " spiritual 
power " to ■which the lovers of the marvellous are so fond of 
attributing the mysterious movements of turning and tilting 
tables. 

A more scientific spirit, however, prevails among the best 
Physiologists of the present day ; who, whilst fully recogniz- 
ing the fact that many of the phenomena of living bodies can 
be accounted for by the agencies whose operation tbey trace 
in the world around, separate into a distinct category — that 
of vital acliona — such as appear to differ altogether in kind 
from the phenomena of Physics and Chemistry, and seek to 
determme, irom the study of the conditions under wluch these 
present themselves, the lawi of their occurrence. 

In the prosecution of this inquiiy, the Physiologist -will 
find it greatly to his advantage to adopt the method of philos- 
ophizing which distinguishes the Physical science of the pres- 
ent fi»m that of the past generation ; that, namely, which, 
whilst folly accepting the logical definition of the caitse of any 
phenomenon, as "the antecedent, or the concurrence of ante- 
cedents on which it is invariably and unconditionally conse- 
quent" (Mill), draws a distinction between the dyna/inieol 
and the material conditions ; flie former supplying the power 
which does the work, whilst the latter affords the instrumental 
means through which that power operates. 
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Thus if we iuftpect a Cotton Factory in full action, wc fiw! 
it to contain a vast nuciber of macMuea, many of ttum but 
repetitions of one another, but many, too, pveseafing the most 
marked diversities in construction, in operation, and in result- 
ant products. We see, for example, that one is supplied witli 
the raw material, wliicli it cleans and dresses ; that another 
receives tlic cotton tlins prepared, and " cards " it so as to lay 
its fibres in snch an arrangement as may admit of its being 
spun ; that another series, taking up the product supplied by 
tbe carding machine, twists and draws it out into threads of 
various degrees of fineness ; and that this thread, carried into 
a fourth set of macbines, is woven into a fabric wbicb may 
be eitber plain or variously figured according to tbe conatmc- 
tion of the loom. In every one of these dissimilar operations 
tbe /orce which is immediatoly concerned in bringing about the 
results is one and the same ; and tbe variety of ita prodacte is 
dependent solely upon tbe diversity of the material instru- 
ments through which it operates. Yet these arrangements, 
however skilfully devised, are utterly valueless without the 
force which brings them into play. All the elaborate meehaa- 
ism, tbe triumph of human ingenuity in devising, and of skill 
in constructing, is as powerless as a corpse without tbe ms 
viva which alone can animate it. Tbe giant stroke of tlio 
steam-engine, or tbe majestic revolution of tbe water-wbccl 
gives tbe requbed impulse ; and the vast apparatus which 
was the moment previously in a state of death-like inactivity, 
is aroused to all the energy of its wondi-oua life — every par-t 
of its complex organization taking upon itself its peculiar 
mode of activity, and evolving its own special product, in vii'- 
tue of the share it receives of tlie one general force distrib- 
uted through the entire aggregate of macbineiy. 

But if we carry ba«k our investigation a stage further, and 
mquire into the origin of tbe force supplied by tlie steam- 
engine or the watcr-wbeel, we soon meet with a new and 
most significant fact. At our first stago, it is tme, wc find 
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only the same mcclianical force acting ttrougli a iliffereul 
kind of instrumentality ; tlie strokes of the ;^3toTi of tlio 
steam-engine being dependent upon the elastic force of tlie 
vapour of water, whilst flie revolution of the waf«i>whecl is 
maintained hy the downward impetus of water en masse. 
But to what antecedent dynamical agency can we trace these 
for ces ' That agency in each case is Heat ; a force altogether 
dissmiilar in its ordmaiy manifeatatioiiB to the force which 
produces seu'iible motion, yet capable of being in tuiw con- 
Tcrttd mto it and generated by it. For It is from the Heat 
appbed beneath the boiler wt the steam-engine that the non- 
tlastic liquid contained m it derives all that potency as elastic 
vapoui, which enables it to overcome the vast mechanical re- 
sistance tliat IS set in opposition to it. And, in like manner, 
it IS the heat of the solar rays which pnmpa up terrestrial 
waf^iTS in the shape of vapour, and thus supplies to Man a 
perrenial souice of new power in their descent by the force 
of gravity to the level from which they have been raised.* 

The power of the steam-engine, indeed, is itself derived 
more remotely front those same rays ; for the Heat applied 
to its boilers is but the oxprcsaiou of the chemical change in- 
volved in combustion ; that combustion is sustained either by 
Uie wood which is the product of the vegetative activity of 
the present day, or by the coal which ropresenta the vegeta- 
tive life of a remote geological epoch ; and that vegetative 
activity, whether present or past, represents an equivalent 
amount of Solar Light and Heat, used wp in the decomposi- 
(ion of the carbonic acid of the atmosphere, by the instru- 
mentality of the growing plant.f Thus in either case wc 
come, directly or indu'eetly, to Solar Jtadiation as the main- 



" See oil this subject the recent admirable address of Sir William Arm- 
Blcnng at the Meeting of the Briljali Associaiion at Newcastle, 

■(■ This was iJisoeroefl by the genius of Ocorgo Stcphenaou, before tlio 
general doctrine of the Correlation of Forces hiid been ^vea ie the world 
bj Majcr and Grove. 
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spring of our mecbanical power ; the vk viva of our whole 
microcosm. Modem pL^cal inquiry ventures even one step 
further, anil seeks the source of Light and Heat of the Sun 
itself. Are these, as formerly supposed, the result of com- 
buefion, or arc they, as surmised by Mayer aad Thomson, 
tlie es:pre33ion of the motive power continually generated in 
the fall of aerolites towards the SuQ, and as continually anni- 
hilated by their impact on its surface? Leaving the discus- 
aioQ. of this question to Physical Philosophers, I proceed cow 
to my OWE proper subject. 

It is now^ about twenty years since Dr. Mayer first broadly 
announced, in aEita generality, the great principle now known 
as that of " Conservation of Force ; " as a necessary deduc- 
tioa from two axioms or essential truths — ecc nikilo nil fit, aad 
nilJU ad mhUiim — the validity of which no true philosopher 
would ever have tiieoretically questioned, but of which he 
was (in my judgment) the first to appreciate the full practical 
bearing. Thanhs to the labours of Faraday, Grove, Joule, 
Thomson, and Tyndall, to say nothing of those of Helmholta 
aud other distinguished Continental savans, the great doctrine 
expressed by the term " Conservation of Force " is now 
amongst the besteetablished generalizations of Pliysical Sci- 
ence ; and every thoughtfiil Hiysiologist must desire to see 
the same course of inquiry thoroughly pursaed in regard to 
the phenomena of living bodies. This ground was first broken 
by Dr. Mayer in his remarkable treatise, " Die Organischo 
Bewegung in ihrem Zusammenhange mit dem Stofiwechsel " 
(" On Orgamc Movement in its relation to Material Changes," 
Heilbronn, 1845) ; in which he distinctly set forth the princi- 
ple that the source of all changes in the living Oi-ganism, 
animal as well as vegetable, Hes in the ibrces acting upon it 
from wiihoui; whilst the changes in its own composition 
bronght about by these agencies, he considers to be the imme- 
diate source of the forces which are generated by it. 

In treating of these forces, however, he dwells chiefly on 
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tlie production of Motion, Ilcat, Light, and Electricity hy 
living bodies ; touching more slightly upon (lie phenomena of 
Growth and DeTelopment, which coustitnte, in the eye of the 
physiologist, the disliact proyince of vitality. In a momoir 
of my own, " On the Mutual Eelations of the Vital and Phys- 
ical Forces," published in the Philosophical Transactions for 
1860," I ainied to show that the general doctriae of ilie " Cor- 
relation of the Physical Forces " propounded by Mr. Grove, 
was equally applicable to those Vital forces which must be 
assumed as the moving powers in the production of purely 
physiological phenomena ; these forces being generated in 
living bodies by the transformation of the Light, Heat, and 
Chemical Action supplied by the world around, and being 
given back to it again, either during their life, or after ils 
cessation, chiefly in Motion and Heat, but also to a less de- 
gree in Light and Electricity. This memoir attracted but 
little attention at the time, being regarded, 1 believe, as too 
speculative ; but I have since had abundant evidence that the 
minds of thoughtful Physiologists, as well as Physicists, are 
moving in the same direction ; and as the progress of science 
since the publication of my former memoir, would lead me 
to present some parts of lay scheme of doctrine in a diSercat 
form,| I venture to bring it again before the public in the 
form of a sketch (I claim for it no other title), of the fwpect 
in whidi the application of the principle of the " Conserva- 
(ion of Force " to Physiology now presents itself to my mind. 

* At this date the iaboara of Dr. Majer were not known either to my- 
Belf or (30 fEir as I am awnre) to any one else in this coantry, save the late 
Dr. Baly, who a few months ailer the publication of my Memoir, placed in 
toy hands the p^nphlot, " Die Oi^pimsche Beweguag ; " to which I took tho 
earUest opportanity in my power of drawing pablio attettUon in " The Brit 
[flh and Foreign Medioo-Ohimrgioal Seview " for Jnlj, 18BI, p. 237. 

■(■ I have eapficiallj proBted by a Memoir on the Correlation of Physieol, 
Chemical, and Vital Force, and the Oonsepvatjon of Force in Vital Phenom- 
ena, by Prof. La Conte (of South Oarolica College), in Silliman'a Americai! 
Journal for Nov., 1859, reprinted in the Philosophical Magazine for XSeO. 
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If, in tlie first place, we inquire what it is that esaentjsilly 
distinguishes Vital from evciy Idnd of Physieal activity, wo 
find this distinction most chara«teriatically expressed in the 
fact that a germ endowed with Life, developea itself into an 
organism of a type resembling that of its parent ; that this 
organism is the suhjcct of incessant changes, which oil tend 
in the first place to the evolution of its typical form, and s«h- 
eequently to its maintenance in that form, notwithatandiag the 
antagonism of Chemical and Physical agencies, whicli aro 
continnfJly tending to produce its disintegration ; bnt that, as 
its term of existence ia prolonged., its conservative power de- 
clines so as to become less and less able to resist these disinte- 
grating forces, to which it finally succumbs, leaving the organ- 
ism to be resolved by their agency into the components from 
which its materials were originally drawn. The history of a 
living organism, then, is one of incessmd change; and the 
conditions of this change are to be found partly in the organ- 
ism itself, and partly in the external agencies to which it is 
subjected. That condition which is inherent in the organism, 
being derived hereditarily from its progenitors, may be con- 
veniently termed its jerjwina! capacity; its parallel in the in- 
organic world being that fundamental difference in properties 
which constitutes the distinction between one substance, 
whether elementary or compound, and another ; in virtue of 
which each " behaves" in its own characteristic manner when 
subjected to new conditions. 

Thus, although there may be nothing in the aspect or aca- 
sible properties of the germ of a Polype, to distinguish from 
that of a Man, we find that eacTi develops itself, if the requi- 
site conditions be supplied, into its typical form, and no other; 
if the developmental conditions required by either be not sup 
plied wo do not find a different type evolved, bnt no evolution 
at aU lakes place.* 

* It is quite true tliat among certain of tbc Idwcf tiihiss, botb of PlaiiLl 
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Now tlie difference between a being of high and a being 
of low organization essentially consists in this : that in the 
latter the constituent parts of the fabric evolved by the pro- 
cess of growth from the original germ, ore similar to each 
other in structure and endowmenis, whilst in the fornier they 
are progressively differentiated with the advance of develop- 
ment, so that the fabric comes at last to consist of a number 
of organs, or instruments, more or less dissimilar in struc- 
ture, composition, and eiidowm.ents. Thus in the lowest 
forms of Vegetable life, the primordial germ multiplies itseF 
by duplicative subdivision into an apparently unlimited num- 
ber of cells, each of fhem similar to every other, and capa- 
ble of maintaining its existence independently of them. And 
in that lowest Bhizopod type of Animal life, the knowledge 
of wMch is among the most remarliable fruits of modern bio- 
lo^cal research, " the Physiologist lias a case in which those 
vital operations which he is elsewhere aocastom,ed to see cai^ 
ried on by an elaborate apparatus, are performed without any 
special instruments whatever ; a little particle of apparently 
homogeneous jeUy changing itself into a greater variety of 
forms than the fabled Proteus, laying hold of its food without 
members, swallowing it without a mouth, digesting it without 
a stomach, appropriating its nutritious material without absorb- 
ent vessels or a circulatiag system, moving from place to place 
without muscles, feeling (if it has any power to do so) with- 
out nerves, propagating itself ■without genital apparatus, and 

and Animals, especially the Meiigi and Miioioa — shuiiac germs may devel 
op Uiemselves into very dissimiiitr forms, nccordu^ to the conilitioiis un 
der tcMcIi ibey lire erolred ; bnt Bnch dlverdtjes are only the same kind as 
ttoae which manifest themselrea among iiuBiidaiik in the '■'-' — tJ'-"*- "—' 
Animals, and only show that in the types in queslion t 
confonnity to one pattern. Jfeither in these groups, no 
Fw-anam/aTi, in which I have been led to regarcl the 
as peculiarly great, does any tendency ever show itself 
of the charaolers of any group fundamentully disdmilar. 
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dot only this, but in many instauces forming shelly coverings 
of a symmeti-y and complexity not sni-paasod by those of any 
testaceous animals,"* whilst the mere separation of a fi-ag- 
ment of fiis jelly is sufficient to originate a now and inde- 
pendent organism, so that any nnmher of these beings may 
be prodnced hy the snccessive detachment of such partielea 
from a single Ehizopod, each of them retaining (so far as wo 
have at present the means of knowing) the characteristic en- 
dowments of the stock from which it was an offset. 

When, oa the other hand, we watch the evolution of any 
of the higher types of Oi^aoization, whetlier vegetable or 
animal, we oTjserre that although in the first instance the pri- 
mordial cell multiplies itaelf by duplicative subdivision into 
an aggregation of cells, which are apparently but repetitions 
of itself and of each other, this homogeneous extension has 
in each case a definite limit, speedily giving place to a struc- 
tural differentiation, which becomes more and more decided 
with the progress of development, until in that most hetero- 
geneous of all types — the Human Organism — no two parts are 
precisely identical, except those which correspond to each 
other on the opposite sides of the body. "With this stractural 
differentiation is fwsociated. a corresponding difierentiaiion of 
function ; for whilst in the life of the most highly developed 
and complex organism we witness no act which is not fore- 
shadowed, however vaguely, in tiiat of the lowest and simr 
plest, yetwe observe in it tiiat same " division of labour " 
which constitutes the essential characteristic of the highest 
grade of civilization. For, in what may he termed the ele- 
mentary form of Human Society, in which every individual 
relies upon himself alone for the supply of all his wants, no 
greater result can be obtained by the aggregate action of the 
entire community than its mere maintenance ; but as each in 

• See the Author's Introduction to Uio Study of the Fovainiuifera, pub- 
Bslied by the Kay Socitjly, 1802 : rcefaco, p. vil 
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[lividual selects a special raoda of activity for himself, aud 
aims at improvement in that specialty, he finds himself attain- 
ing a higher and sfill higher degree of aptitude for it ; and 
this specialization tends l« increase as opportunities arise for 
new modes of activity, until that complex fabric is evolved 
which constitutes the most developed form of the Sooial State 
wherein every individual finds the work — mental or bodily— 
for which he is best fitted, and in which he may reach the 
highest attainable perfection ; while the mutual dependence 
of the whole (which is the necessary result of this specializa- 
tion of paria) ia aueh tLat every individual "works for the 
benefit of all his fellows, as well as for his own. As it ia 
only ia such a state of society that the greatest triumphs of 
human ability become possible, so is it only in the most dif- 
ferentiated types of Organization that Vital Activity can pre- 
sent its highest manifestations. In the one case, as ia the 
other, does the resiilt depend upon a process of gradual devel- 
opmeTif, in which, under the influence of agencies whose na- 
ture constitutes a proper object of scientific inquiry, that most 
general form in which ^e fabric — whether corporeal or social 
^-originates, evolves itself into that most special in which its 
development culminates. 

But notwithstanding the wonderful diversity of etructore 
and of eadowmenta which we meet with ia the study of any 
complex Organism, we encotmter a harmonioas unity or eoQr- 
dinatioa in its entire aggregate of actions, which is yet more 
wonderful. It is in tliis harmony or coordiniaiioa, whose ten- 
dency is to tlie conservation of the organism, that the state ot 
Health or Normal life essentially consists. And the mora 
profound our investigations of its conditions, the more definite 
becomes the conclusion to which we am led by the study of 
them — that it is fundamentally based on the common origin 
of aU these diversified parts in the same germ, the vital en- 
dowments of which, equally diffused throughout (he entire 
febric in those lowest ftnns of organization in which every 
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part is but a repetition of every other, are differentiated in 
the highest amongst a variety of organs, acquiring in virtue 
of this differentiation a much, greater intensity. 

Thus, then, we may take tliat mode of Vital Activity 
which manifests itself in the evolution of the germ into the 
complete organism repeating tlie type of its parent, and the 
subseqnent maintenance of that organism in its integrity, in 
the one case as in the other, at the espenso of materials de- 
rived from external sources — aa the most nniveraal and most 
fundamental characteristic of Life ; and we have now to con- 
sider the nature and source of the Force or Powor by which 
that evolution is brought about. The prevalent opinion has 
until lately been, that this power is inherent in the germ ; 
which has been supposed lo derive from its parent not merely 
its material substance, but a nisus formaliims, bUdungatrieb, 
or germ force, in virtue of which it builds itself up into the 
likeness of its parent, and maintains itself in that likeness 
until the force is exhausted, at the same time imparting a 
fraction of it to each of its progeny. In tliis mode of view- 
ing the subject, all the organizing force required to bnild up 
an Oak or a Palm, an Elephant or a Whale, must bo concen- 
trated in a minute particle, only discernible by microscopic 
aid, and the aggregate of all the germ-forcea appertaining to 
the descendants, however numerous, of a common parentage, 
must have existed in their original progenitors. Thus in the 
case of the snccessive viviparous broods of ApMdes, a germ- 
fojce capable of organizing a mass of living structure, which 
would amount (it has been calculated)* in the tenth, brood 
to the bulk of five hundred millions of stout men, must tave 
been shut up in the single individual, weighing perhaps the 
1-lOOOth of a gr^n, from which the first brood was evolved. 
And in like manner, the germ-force which has c 

Igamic Iteproductioii of ApLiu 
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bodies of aU die individual men that have lived &oin Adam 
to the present day, must have been concentrated ia tJie body 
of their common ancestor. A more complete redwctio ad ai- 
swrd/wm can scarcely be brought against any hypothesis ; and 
we may consider it proved that in some way or other, fresh 
organizing force ia constantly being supplied from wUhowt 
during the whole period of the exercise of its activity. 

"Wlen we look carefully into the question, however, wo 
find that what the germ, really supplies is not the force, but 
the directive agency ; Ham rather resembhng the control exer- 
ciae4 by the superintendent builder, who is charged with 
working out the design of the architect, than the bodily force 
of the workmen who labour under Ilia guidance in the con- 
struction of the fabric. The actual constructive force, as we 
learn from an extensive survey of tlie phenomena of life, ia 
supplied by Heat, the influence of which upon the rate of 
growth and development, both animal and vegetable, is so 
marked as to have universally attracted the attention of Phys- 
iologists, who, however, have for the moat part only recognized 
in it a vkcU stirmtlus that calls forth the latent power of the 
germ, instead of looking upon it as iteelf furnishing the power 
that does the work. It has been from the narrow limitation 
of the area over which physiological research has been com- 
monly prosecuted, that the intimacy of this relationahip be- 
tween Heat and the Organizing force has not sooner become 
apparent. Whilst the vital phenomena of Warm-blooded ani- 
mals, which possess within themselves the means of mairtr- 
taining a constant temperature, were made the sole, or at any 
rate the chief objects of study, it was not likely that the in- 
quirer would recognize the full influence of external heat in 
accelerating, or of cold in retarding tlieir functional activity. 
It ia only when the survey ia es±ended to Cold-blooded ani- 
mals and to Plants, that the immediate and direct relation be- 
tween Heat and Vita! Activity, as manifested in the rate of 
growth and development, or of other changes peculiai' to the 
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IhiDg Ijody, is uumistaiably maaifeated. To some (if those 
phenomena, which afford the hest illustrafions of the mode 
in which Heat acts upon the liying organism, attention will 
Qow he directed. 

Commencing with the Vegetable kingdom, we find that the 
operation of Heat as the motive power or dynamical agency, 
to which the phenomena of growth and development are to be 
referred, is peculiarly well seen in the process of Germina- 
tion, The seed consists of an embryo which has already ad- 
vanced to a certain stage of development, and of a store of 
natrimeut laid up aa the material for its further evolution ; 
and in the fact that this evolution is carried on at the expense 
of organic compounds already prepared by estiinsie agency, 
until (the store of these being exhausted) the young plant is 
sufficiently far advanced in its development to be able to elab- 
orate them for itself, the condition of the geiminating embryo 
resembles th&t of an Animal. Now, the seed may remain 
(under favourable circumstances) in a state of absolute inac- 
tion during an imlinjited period. . If secluded from the free 
access of air and moisture, and kept at a low temperature, it 
i fi-om all influences that would on the one hand 
a its disintegration, or on the other, would call it into 
active life. But when again exposed to air and moisture, and 
subjected to a higher temperature, it either germinates or de- 
cays, according as the embryo it contains has or has not pre- 
served its vital endowments — a question which only experi- 
ment can resolve. The process of germination is by no means 
a simple one. The nutriment stored up in the seed is ia great 
part in the condition of insoluble starch ; and this must be 
brought into a soluble form before it can be appropriated by 
tlie embryo. The metamorphosis is effected by the agency of 
a ferment termed diastase, which is laid up in the immediate 
neighbourhood of the embryo, and wliich, when brought to 
act on starch, converts it in the first instance into soluble dex- 
trine, and (hen (if its action bo continued) iuio sugar. Tha 
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dextrine and. sugar, combined with, the aHjiiminous and oily 
compouuds alao stored up in the seed, form the " protoplasm," 
which is the subetance imm.ediately supplied to the young 
plant aa the material of it-a tissues ; and the conversion of this 
protoplasm into vwrions forms of organized tissue, which be- 
come more and more difierentiatcd as development advances, 
13 obviously referahle to the vital activity of the germ. Now 
it can be very easily shown experimeatally that the rate of 
growth in fie germinating embryo is so closely related (within 
certain limits) to the amount of heat supplied, as to place its 
dependence on that agency beyond reasonable qiieatiou ; so 
that we seem fully entitled to say that Heat, acting through 
the gei-m, supplies the constructive force or power by which the 
Vegetable fabric is built up.* Ent there appears to be another 
source of that power in the seed itself. In the conversion of 
the insoluble starch of the seed into sugar, and probably also 
in a further metamorphosis of a part of that sugar, a largo 
quantity of carbon is eliminated from ^e seed by combining 
with the oxygen of the air, so as to form carbonic acid ; this 
combination is necessarily attended with a disengagement of 
beat, which becomes very sensible when (as in molting) a 
large nuniber of germinating seeds are aggregated together ; 
and it cannot but be regarded as. probable that the heat thus 
evolved within the seed concurs with that derived from with- 
out, in supplying to the germ the force that promotes its evo- 

* The effect of Heat 'm doubtlesa manifested very differently by differ, 
ent seeds; aucii viriations being parity speaific, partly isnSmdiial. But 
theae are no greater than we see ia Hie inorganio world : the increment of 
terapecotnre and tlie angmentolaon of bulk exhibited by diffferent substances 
when subjected to the same absolute measure of heat, being as diverse b3 
the BuhstancES themaelTSS. The whole process of " Malting," it may be 
remarked, is based on the regularity with which the seeds of a particulai 
ipedes may be at any time ibroed to a doSaitc rate of gcnnlnation by a 
d(ifiDite iacreiaont of lemperaturo. 
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The condition of tlie Plant which has attained a more ad- 
vanced stage of ifa development, differs from that of the ger- 
minating emhryo essentially in this particulsir, that the orgaBic 
compounds which it requires as the materials of the eKtensior 
of the fabric are formed by itself, instead of being supplied to 
il from without. The tissues of the coloured surfaces of the 
leaves and stems, when acted on by light, have the peculiar 
power of generating — at the expense of carbonic acid, water, 
and ammonia — various ternary and qnatemaiy organic com- 
pounds, such as chlorophyll, starch, oil, and albumen ; and of 
the compoands thus generated, some are appropriated by the 
constructive force of the plant (derived from the heat with 
which it is supplied) to the formation of new tissues ; whilst 
others are stored up in the cavities of those tisanes, where 
they tdtimately serve eitlier for the evolution of parts subse- 
quenfly developed, or for the nutrition of animals which em- 
ploy them as food. Of the source of those peculiar affinities 
by which the components of the starch, albumen, &c., ai'e 
brotight together, we have no right to speak confidently ; but 
looking to the fact that these componnds are not produced in 
any case by the direct union of thefr elements, and that a de- 
composition of binary compounds seems to be a necessary 
antecedent of their formation, it is scarcely improbable that, 
as suggested by Prof. Le Conte (op. cit.), that source is to be 
found in the chemical forces set free in the preliminary act of 
decomposition, in which the elements would be liberated in 
that " nascent condition" which is well known to be one of 



The influence of Light, then, upon Vegetable organism ap- 
pears to be essentially exerted in bringing about what may bo 
considered a higher mode of chemical combination between 
oxygen, hydrogen, and carbon, with the addition of nitrogen 
in certain cases ; and there is no evidence that it extends b&- 
yond this. That the appropriation of the materials thus pre- 
pared, antl iheir conversion into organized tissue in the opera- 
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tions of gi-owth and development, are dependent on tbe agencj 
of Heat, is just as evident in the stage of maturity as in that 
of germination. And there is reason to believe, farther, that 
an additional source of organizing force is to be found in the 
retrograde metamorphosis of organic componnds that'goes on 
during the whole life of the plant ; of which metamorphosis 
the expression is furnished by the production of carbonic acid. 
This is peculiarly remarkable in the case of the Fii/ngi, which, 
being incapable of forming new componnds under the influ- 
ence of light, are entirely snpported by the organic matters 
they absord, and which in this respect correspond on the one 
hand with the germinating embryo, and on the other with 
Animals. Such a decomposition of a portion of the absorbed 
material is the only conceivable source of tlie large quantity 
of carbonic a«id they are constantly giving ont ; and it would 
not seem imlikely that the force supplied by Ibis retrograde 
metamorphosis of the Bnperflnoas components of their food, 
which fall down (so to speak) from the elevated plane of "prox- 
iiiate principles," to the lower level of comparatively simple 
binary componnds, supplies a force whidi raises another por- 
tion to the rank of living tissne, thus accounting in some de- 
gree for the very rapid growth for which this tribe of Plants 
is so remarkable. This exhalation of carbonic acid, however, 
is not peculiar to Fimgi and germinating embryos, for it takes 
place during the whole life of flowering plants, both by day 
and by night, in sunshine and in shade, and from tJieir green 
as well as from their dark surfaces ; and it is not improbable 
that, as in the ease of the Fungi, its source lies partly in the 
organic matters absorbed, recent investigations* having ren- 
dered it probable that Plants really take up .and assimilate 
soluble humus, which, being a more highly carbonized sub- 
stance than starch, dextrine, or cellolose, can only be con- 

■" See ihe Meraoip of M. BJsler, " On tha Absorpiion of ITmnu?," \r 
die " Bibliot!i6que trmvePBoIle," N. 8., 18S8, torn, i., p. S03. 
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verted into compounds of tlie latter kind by partiag with soma 
of its cai'bon. But it may also take place at tlic expense of 
componnda previously generated by the plant itself, and stored 
np in its tissues ; of which we seem to Lave an example ia 
the unusual production of carbonic acid wbicb takes place at 
the period of flowering, espeeiaUy in such plants as have a 
fleshy disk, or receptacle containing a large quantity of starch ; 
and thus, it may be eormissd, an extra supply of force ia pro- 
vided for the maturation of those generative produete whose 
preparation seems to he the highest expression of the vital 
power of tJie vegetable organism. 

The entire aggregate of organic componnds confained in 
the vegetable (issues, then, may be considered as the expres- 
sion, not merely of a certain amount of the material elements, 
osygen, hydrogen, carbon, and nitrogen, derived (directly or 
indirectly) from the water, carbonic aeid, and ammonia of the 
atmosphere, hnt also of a certain amount of force which haa 
been exerted in raising these from the lower plane of simple 
binary compounds, to the higher level of complex, " proxi- 
mate principles ;" wlulst the portion of these actually converted 
into organized tissue may be considered as the expression of 
a further measure of force, which, acting under the directive 
agency of the germ, has served to build up the fabric in its 
characteristic type. This construclive action goes on during 
the whole Life of the Plant, which essentially manifests itself 
either in the extension of the original fabric (to which in 
many instances there seems no determinate limit), or in the 
production of the germs of now and independent organisms. 
It is interesting to remark that the development of the mora 
permanent parts involves the successional decay and renewal 
of parts whose existence is temporary. The " fall of tlie 
leaf" is the effect, not the cause, of the cessation of that pe- 
culiar functional activity of its tissues, which consists in ^e 
elaboration of tlie nutritive material required for the prodno- 
lion of wood. And it would soem as if the duration of iheji 



Hosted .vGoogle 



4l8 OOEEBLATION OF PnYBIOAI, AHD VITAL FOBOES. 

existence stands in an inTcrae ratio to the energy of tlieir ac- 
tion ; tlie leaves of " evergreens," wliicli are not cast off until 
tlie appearance of a new succeaaion, effecting their flinctional 
changes at a much less rapid rate than do those of " deci- 
duous" trees, whose term of life is far more brief. 

Thus, the final cause or purpose of the whole Vital Activ- 
ity of the Plant, so far as the indimdual is concerned, is to 
produce an indefinite extension of the dense, woody, almost 
inert, but permanent portions of the fabric, by the snccessional 
development, decay, and renewal of the soft, active, and tran- 
sitory cellular parenchyma ; and according to the principles 
already stated, the descent of a portion of the materials of the 
latter to the condition of binary compounds, which is mani- 
fested in the largely-increased exhalation of carbonic acid 
that tafees place from the leaves in the lat«r part of the sea- 
son, comes to the aid of external Heat in supplying the force 
by which another portion of those materials is raised to the 
condition of organized tissue. The vital aclivity of the 
Plant, however, is further manifested in the provision made 
for the propagation of its race, by the production of the 
germs of new individuals ; and here, again, we observe that 
whilst a higher temperature is usually required for the devel- 
opment of the flower, and the maturation of the seed, tlian 
that which snf&ces to sustain the ordinary processes of vege- 
tation, a special provision appears to be made in some in- 
stances for the evolution of force in the sesnial apparatus it- 
self, by the retrograde metamorphosis of a poition of the or- 
ganic compounds prepared by the previous nutritive opei-a- 
tions. Tliis seems the nearest approach presented in the 
Vegetable organism, to what we shall find to be an ordinary 
mode of activity in the Animal. That the performance of 
the generative act involves an extraordinary espenditure of 
vital force appears from this remarkable fact, that blossoms 
which wither and die as soon as the ovules have been fertil- 
ized, may be kept fresh for a long period if fertilization ha 
orcvoufcd. 
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Tlie decay wMch is coaiinnally going on during the life 
of a Plant restores to tte inorganic world, in tlie form of ear 
boiiic aeid, water, and ammonia, a part of the materials drawn 
from it in the aet of vegetation ; and a reservation teing made 
of those vegetable products which are consumed aa food bj 
Auimala, or which are preserved (like timber, flax, cotton, 
&c.) in a Etal* of permanence, the various forms of decom- 
position which take place after death complete that restora- 
tion. But in returning, however slowly, to the condition of 
water, carbonic acid, ammonia, &c., the constituents of 
Plants give forth an amount of teat equivalent to that which 
they wonld generate by the process of ordinaiy combuation ; 
and tlins thoy restore to the inorganic world, not only the ma- 
teviah, but the forces, at the espenae of which the vegetable 
fabric was constructed. It is for the most part only in the 
hnmbleat Plants, and in a particular phase of their lives, that 
such a restoration takes place in the foi-m of raotion, this mo- 
tion being, like growth and development, an expression of tbe 
vital activity of tlie "Zoospores" of Algce, and being ob- 
viously intended for their dispersion. 

Hence we seem justified in afBrming that the Correlation 
between heat and the organizing force of Plants is not less 
intimate than that which exists between heat and motion. 
The special attribnte of the vegetable germ is its power of 
utilizing, after its own particular fashion, the heat which it 
receives, and of applying it as a constructive power to the 
building-up of its fabric after its characteristic type , 
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Those of our readers who accompanied us tliroagh (he 
first part of our inquiry are aware that it was our object to 
sliow, that as force is never lo&t in the mot game world, so 
force ia never ereated in the organic ; but that those various 
operations of vegetable life which aio sometimes \aguely 
attributed to the agency of an occult "vital principle," and 
are referred by more exact thinkers to ecitam Vital Forces 
inherent in the organism of the plant, are really sustained by 
solar light and heat. These, we have argued, supply to 
each germ tlie whole fower by which it builds itself up, at tlie 
expense of the materials it draws from the Inorganic Uni- 
verse, into (he complete organism ; while the mode in which 
that power is exerted (generally as vital force, specially as 
the determining cause of the form pecuUai- to each typo) de- 
pends upon the "germinal capacity" or du'ective agency inher- 
ent in each particular germ. Thej?rs( stage in this construc- 
tive operation consists in the production of certain organic 
compounds of a purely chemical nature — such aa gum, starch, 
sugai-, chlorophyll, oil, and albumen — at the expense of the 
oxygen, hydrogen, carbon, and nitrogen derived from the 
water, carbonic acid, and aiamonia of the atmosphere; 
whilst am second consists in the further elevation of a portion 
»f these organic compounds to tiie rank of organized tissue 
possessing attributes distinctively vital. Of the whole amount 
of organic compounds generated by the plant, it is but a 
comparatively email part (a) that undergoes this progressive 
metamorphosis into living tissue. Another small proportion 
(6) luidergocs a retrograde metamorphosis, by which the orig- 
inal binary components are reproduced ; and in this descent 
af organic compounds to tlie lower plane, the power con- 
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Bumud in tJieir elevation is given forfli in tlie foiTa of heal 
and organizing force (as is specially seen in germination), 
whicli help to raisa the portion a to a higher level. But by 
far the larger pai-t (o) of the organic compounds generated 
by plants remains stored ap in their feibric, withottt undergo- 
ing any furthoi- elevation ; and it is at the expense of these 
rather than of the actual tissues of plants, that the life of 
imimals is sustained. 

When, instead of yielding up any portion of its substance 
for the sustenance of animals, the entire vegetable organism 
undergoes retrograde metamorphosia, it not only gives back 
to the inorganic world the binary compounds from which it 
derived its own constitaents, but in the descent of the several 
components of its fabric to that simple condition — whether by 
ordinary combustion (fw in the burning of coal) or by slow 
decay — it gives out the equivalents of the light and beat by 
which they were elevated in the first instance. 

In applying these views to the interpretation of the phe 
nomena of animal life, we find ourselves, at the commence- 
ment of our inquiry, on a higher platform (so to speak) Uian 
that from which we had to ascend in watching the constrac- 
tive processes of the plant. For, whilst the plant had flrsi 
to prepare the pabulum for its developmental operations, the 
animal has this already provided for it, not only at the ear- 
liest phase of its development, but during the whole period 
of its existence ; and aU its manifestations of vital activity 
are dependent upon a constant and adequate supply of the 
sameya&idum. The first of these manifestations is, as in the 
plant, the buildiag-up of the organism by the appropriation 
of material supplied from external sources under tlie directive 
agency of the germ. The ovum of the animal, like tlie seed 
of the plant, contains a store of appropriate nutriment pre- 
viously elaborated by the parent ; and this store stifficos for 
the development of the embryo, up to the period at which it 
can obtain and digest alimentary materials for itself. That 
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period oceura, in tlie different fa-iljes of animals, at very dig- 
Bimilar stages of tho entire deYebpmental process. In many 
of the lower classes, the embryo comes forth from the egg, 
and commences its independent existence, in a condition 
which, as compared with the adult form, would be as if a 
human embryo were to be thrown upon the world to obtain 
its own subsistence only a few weeks atler coaception ; and ita 
whole aubse<j«ent growth and development takes place at tho 
expense of the nutriment which it ingests for itself. 

We have examples of this in the class of insects, many of 
which come forth from the egg in the state of extremely simple 
and minute worms, haying scarcely any power of movement, 
but an extraordinary voracity. The eggs having been depos- 
ited in situations fitted to afford an ample supply of appropriate 
nutriment (those of the flMh-fly, for example, being laid in 
carcases, and fliose of the cabbage-butterfly upon a cabbage- 
leaf), each lai-va on ita emersion is aa well provided with ali- 
mentary material as if it had been furnished with a large sup- 
plemental yolk of its own ; and by availing itself of this, it 
speedily grows to many hundred or even many thousand 
times its original size, without making any considerable ad- 
vance in development. But having thus laid up in ita tissuoa a 
large additional store of material, it passes into a state which, 
so for as the external manifestatior^ of life are concerned, 
is one of torpor, bat which ia really one of great develop- 
mental activity : for it is during the pupa state that those new 
parte are evolved, which are characteristic of the perfect in- 
sect, and of which scarcely a ta-ace was discoverable in tho 
larva ; so that the assumption of this state may be likened in 
many respects to a reentran.ce of the larva into tLe ovmn. 
On ita termination, tlie imago or perfect insect comes forth 
complete in all its parts, and soon manifests the locomotive 
Kind sensorial powers by which it ia specially distinguished, 
and Qf which the extraordinary predominance seems to jus- 
tify our regarding inaecta as the types of purely animal life. 
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There are some insects whose imago-life haa but a very short 
duration, the performance of the generatiye act beiag appai 
ently the only object of this state of their existence ; and such 
for the most part take no food whatevei- after their final emer- 
sion, their vital activity being maintained, for the short period 
it endures, by tte material assimilated during their larva 
state.* But those whose period of activity ia prolonged, and 
Dpon whose energy there are extraordinary demands, are 
scarcely leas voracious in their imago than, in their larva- 
condition ; the food they conanme not being applied to the 
increase of their bodies, which grow very little after the as- 
sumption of the imago-state, but chiefly to their maintenance ; 
no inconsiderable portion of it, however, being appropriated 
in the female to the production of ova, the entire mass of 
which deposited by a single individual is sometimes enormous. 
That the performance of the generative aet involves not 
merely a consumption of material, but a special expenditure 
of force, appears from a fact to he presently stated, corre- 
sponding to that abeady noticed in regai-d to plants. 

How if we look for the source of the various forms of 
vital force — which may be distinguished aa constructive, 
sensori-motor, and generative — that are manifested in the dif- 
ferent stages of the life of an insect, we find tliem to lie, on 
the one hand, in the heat with which the organism ia sup- 
plied from external sources, and, on the other, in the food 
provided for it. The agency of heat, as the moving power 
of the constructive operations, is even more distinctly shown 
in the development of the larva vrithin the egg, and in the 
development of the imago within its pupa-case, than it is in 

* It 13 not a, little ornioua tliat in the tribe of Solifei'o, or Wheal-ani- 
maloales, all llie malra jet disooyered are enUrely destitute of digestive 
eppu'atus, and are thus inenpable of taking any food whatever ; so tliat not 
only tUe whole of Ihiar development within the e^, bnt the whole of thdr 
Lcdve life after Vaeir emeraion fi'oni it, is carried on at fhe espcnso of Uia 
Btoi'e of jolk provided by the parent. 
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tlio germinatiny seed ; the rate of each of those procesaea 
being strictly regulated by the temperature to ■which the 
organiBm is subjocted. Thus ova ■whioh are ordinarily not 
hatched until the leaves suitable for the food of their larvSB 
have been pot forth, may be made, by artificial heat, to pro- 
dace a brood in the ■winter ; ■wliilst, on the other hand, if ttey 
be kept at a lov^ temperature, their hatchiog may be retarded 
almost indefinitely -without the destruction of their vilaiity. 
The same is true of the pupa-state ; and it it remarkable that 
during the latter part of that state, in which the developmental 
process goes oa ■with extrnordinary rapidity, there is ia cer- 
tain inaectfl a special provision for aa elevation of the tem- 
perature of the embryo by a process resembling incnbation. 
Whether, in addition to the heat impai'ted from ■without, there 
is any addition of force developed -within (as in the germinat- 
ing seed) by the return of a part of ilie organic constituents 
of the food to the condition of binary compounds, cannot at 
present be stated -with confidence ; the probability is, how- 
ever, that such a retrograde metamorphosis does tate place, 
adequate evidence of its occurrence during the incubation of 
the bird's egg being afforded by the liberation of carbonic 
acid, which is tlierc found to be an essential condition of the 
developmental process. During the larva-state there is very 
little po^wer of maintaining an independent temperature, so 
that the sustenance of vital activity is still mainly due to 
the heat supphed from witliout. But in the active state of the 
perfect insect there is a production of heat quite compai'able 
to that of warm-blooded animals ; and this is effected by the 
retrograde metamorphosis of certain organic constituents of 
the food, of which we find the expression in the exhalation of 
carbonic acid and water. Thus the food of animals becomes 
an internal source of heat, whicli may render them independ- 
ent of external temperature. 

Fnrther, a like retrograde njetamorphosla of cei-tain con- 
stituents of the food is the soarce of that sensori-motor power 
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tvHidi is die peculiar characteristic of tie animal organism ; 
for on the oae hand the denmnil for food, on the other the 
amount of metamorphosis indicated hy the quantity of car- 
bonic acid exhaled, bear a very close relation to tbe quantity 
of that power which is put forth. Thia relation is peculiarly 
manifest in insects, since their eonditiona of activity and re- 
pose present a greater contrast in their respective rates of 
metamorphosis, than do those of any other animals. Of the 
exercise of generative force we have no similar measure ; but 
that it is only a special modification of ordinary vital activity 
appeara from this eireiimatance, that the life of those insects 
which ordinarily die very soon after sexual congreas and the 
deposilioa of the ova, may be coasiderabJy prolonged if tlie 
sexes be tept apart so that congress cannot take place. 
Moreover, it has been shown by recent inquiries into tlio 
agamic reproduction of insects and otter auimala, that the 
procesa of generation differs far leas from those reproductive 
acts which must be referred to flie category of the ordinary 
nntrifive processes, than had been previonsly supposed. 

Thus, then, we find that in the animal organism the de- 
nmnd for food L^ reference not merely to its use as a inate- 
rial for the construction of the fabric ; food serves also as a 
generator of force ; and Ihia force may be of various kinds — 
heat and motor-power being the principal hut by no means 
the only modes under which it manifesta itaelf. We shall 
now inquire what there is peculiar in the sources of the vital 
force which animates the organisms of the higher animals at 
different stages of life. 

That the developmental force which occasions the evolu- 
Jou of the germ in the higher vertebrata is really supplied 
by the heat to widch the ovum is subjected, may be regai'ded 
as a fact established beyond all question. lu frogs and 
other amphibia, which have no special meaiia of impai-ting a 
high temperature to tieir eggs, the rate of development (which 
in the early stages can be readily determined with great exact. 
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ueas) is entirely gOYcmed by the degree of waa-mth to whiefc 
the ovum is subjected. But in sevpenta there is a peculiar 
provision for supplying heat ; tte female performing a kind 
of iucubation upon her eggs, and generating in her own body 
a temperature much above that of the surrounding air.* In 
birds, the developmental process can only be maintained by 
the steady application of external ■warmth, and this to a de- 
gree much higher tiian that which is needed in the case of 
cold-blooded animals ; and we may notice two results of tliis 
application as very significant of the dynamical relation be- 
tween heat and developmental force — first, that the period 
required for the evolution of the geim into the mature embryo 
is nearly constant, each species having a definite period of 
incubation — and second, that the gi-ade of development at- 
tained by the embryo before its emersion is relatively much 
higher than it ia in cold-blooded verfebrata generally ; the 
only instances in which any thing like the same stage ia at- 
tained without a special incubation, being those in which (as 
in the turtle and crocodile) the eggs are hatched under tho 
infiaence of a high external tomperatme. Tliis higher devel- 
opment is attained at the e^ense of a much greater consump- 
tion of nutrieat material ; the store laid up in Uie "food yolk" 
and " albnmon" of the bird's egg, being many times greater 
in proportion to the size of tlie animal which laid it, than that 
contained in the whole egg of a frog or a fish. There ia 
evidence in that liberation of carbonic acid which has been 
ascertained to go on in the egg (as in the germinating seed) 
dm-ing the whole of the developmental process, that the retm'n 
of a portion of the organic substances provided for the sustc- 

* In tlie Viper tlie eggs are usually rotidned within the oviduct vi»ti. 
they ara liatclied. In the Python, wliich recently went through the process 
of incubation in tiie Zooli^iciil Gaxdens, the e^^ were imbedded in tlia 
eoils of the body ; ihe temperature to which they were aubjeoted {aa aaoer 
lained by a thermometer placed in the midst of them) avera^^ng WP f., 
whilst that of the onso averaged 60° F. 
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nance of tlie emliryo, to the condition of simple l>inarj com- 
pounds, is an essential condition of the process ; and sIiiCc it 
can scarcely be supposed that the object of thia metamor- 
pboais can be to fumiah heat (an ample supply of that force 
being afibrded by the body of tlie parent), it seems not im- 
likoly that its purpose is to supply a force that concui's "with 
the heat received from without in maintaining the process of 
organization. 

The development of the embryo within fbe body, in the 
mammalia, imparts to it a steady temperature eqjUivalent to 
that of the parent itself; and in all save the implaaental or- 
ders of this class, that development is cari-ied still further 
than in birds, the new-bom mammal being yet more com- 
plete in all its parts, and its size bearing a larger proportion 
to that of ita parent, than even in birds. It is doubtless ow- 
ing in great part to tbe constancy of the temperature to which 
the embryo is subjected, that its rate of development (as 
showE by the fixed term of ut«ro-gestation) is so uniform. 
The supply of organizable material here afforded by the ovum 
itself is very small, and suffices only for the very earliest 
stage of the constructive process ; but a special provision is 
very soon made for the nutrition of the embryo by materials 
directly supplied by the parent ; and the imbibition of those 
takes the place, during the whole remainder of festal life, of 
the appropriation of the materials supplied in the bird's egg 
bytbo "foodyolt" and "albumen." To what extent a retro- 
gi-ade metamorphosis of nutrient material takes place in the 
fcctal mammal, we have no precise means of determining ; 
since the products of that metamorphosis are probably for the 
most part imparted (through the placental circulation) to the 
blood of the mother, and got rid of through her excretory 
apparatus. But sufficient evidence of such a metamorphosis 
is afforded by the presence of urea in the amniotic fluid and 
of biliary matter in tlie intesiines, to make it probable that it 
takes place not less actively (to say the least) in tbe fcetal 
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mammal than it does ia the chick in ovo. Inileed, it ie im- 
possible to study the growth of any of the higher organisms — 
which not merely consists in the formation, of new parts, but 
also involves a vast amount of interstitial change — ■without 
perceiving that in the remodelling which is incessantly going 
on, the parts first formed must be removed to make way for 
those which have to take their place. And such removal can 
Bcarccly be accomplished without a retrograde metamorphosis, 
whirJi, as ia tlie numerons cases already refeiTed to, may bo 
considered with great probability as setting free constructive 
foioe to bo applied in the prodactiou of new tissiie. 

If, now, we pass on from the intraruterine life of the 
mammaliaa organism to that period of its existence which 
intervenes between birth and toaturity, we see that a tempo- 
rary provision is made in the acts of lactation and nursing 
for affording both food and warmth to the young creature, 
which is at first incapable of adequately providing itself witli 
aliment, or of resisting external cold without fostering aid. 
And we notice that the offepring of man remains longer do- 
pendent upon parental care than that of any other mammal, 
in accordance wifh the higher grade of development to be 
ultimately attained. But when the period of infancy has 
passed, the child, adequately supplied with food, and pro- 
tected by the clothing which makes up for the deficiency of 
ofher tegamentary covering, ought to be able to maintain its 
own heat, save in an extremely depressed temperature ; and 
this it does by the metamorphosis of organic substances, partly 
derived from its own fabric, and partly supplied directly by 
the food, into binary compounds. During the whole period 
of growth and development, we find the producing power at 
its highest pomt the (iicnlation of blood bemg more rapid, 
and the amount of caibonic acid g neiated ind thrown off 
bp-ng much gi eater m pioporiion to the bulk of the body, 
thtn at any subsequent penod of Lfe We find, too, in the 
Uijc amount of other excretions, the evidence of a rapid 
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mclamorphosis of tissae ; and it caa tardly bo qiiestionct! (if 
our general docti-inea be weU founded) tbat the constractive 
force that operates in the completion of the fabric 'will lie de- 
rived ia part from the heat so largely generated by chemical 
change, and in part from the descent which a portion of the 
fabric iteelf is continually making from the higher plane of 
organized tissue to the lower plane of dead matter. This 
high measure of Tital activity can only he Buetained by an 
ample supply of food ; which thus anpplies both material for 
the construction of the organism, and the fm-ce by whoso 
agency that construction is aecomplishod. 

How completely dependent the constructive proc t'll ' 
upon heat, is shown by the phenomena of reparatio m d 
blooded animals ; since not only can the rate at iihi h h 
take place be experimentally shown to bear a direct la a 
to the temperature to which these animals are sub d ha 
it lias been ascertained tliat any extraordinary act p 

fion (such as the reproduction of a limb in the sa m nd ) 
vrill only be pei-foi-med under the influence of a temp 
much higher than that required for the maintena h 

ordinary vital activity. After the maturity of the g m ra 
has been attained, there is no longer any call fo lar 
measure of constructive force than is required for th ei 

ance of its iategrity ; but there seems evidence that h a 

the required force has to be sapplied by a retrogi ni 
morphosis of a portion of the constituents of ^a foot d 

above that which serves to generate animal heat. For it has 
been experimentally found that, in the ordmary life of an adnlt 
mammal, the quantity of food nece^ary to keep the body in 
its normal condition is nearly twice tliat which would bo re- 
t[uired to supply the " waste" of the organism, as meaanred 
by the total amount of excreia when food ia withheld ; ajid 
hence it seems almost certain that the descent of a portion of 
the organic constituents of this food to the lower level of sim- 
ple binary compounds is a necessary condition of the elc 
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^'ation of aiuitlipr portion to the hfnte of liviug or^uriizod 
tissue. 

The conilitions of animal existence, moreover, involve a 
eoaatant expenditure of nwior force through the insti-umental- 
ity of the niTvo-muscular apparatus ; and the exercise of the 
purely psT/cliical powers, through tlie inatrumentality of the 
hrain, eonatitutes a furthiT expenditure of force, even when 
no bodily exertion is made as its result. We have now to 
consider the conditions under which these forces are devel- 
oped, and the sources from wliich they are derived. 

The doetirine at present cojnmonly received among physi- 
ologists upon these points may he stated as follows : — ^The 
functional activity of the nervous and muscular apparatuses 
involves, as its necessary condition, the disintegration of their 
tissues ; the components of which, uniting with tlie oxygen 
of the blood, enter into new and simpler combinations, which 
are ultimately eliminated from the body by the excretory oper- 
ations. In such a retrograde metamorphosis of tissue, we 
have two sources of the liberation of force : — first, its descent 
from the condition of living, to that of dead matter, involving 
a liberation of that force which was originally concerned in 
its organization;* — and second, the further descent of its 
complex organic components to llie lower plane of simple 
binary componnds. If we trace back these forces to their 
prosimate source, we find both of them in the food at the 

* It was by Lieb^ ("Animal Chcmistrj," 1843) that the doctrice was 
lii'at cUstmetly promulgatcd which had been already more vaguely affifmed 
by varions FhjaologialB, that every prodaoHon of motion by an Animal 
involves a proportional disintegpaliou of musoolar substance. But he seemB 
to have regarded tbe motor force prodnoed as tho eiptesaon only of the 
vital force by which the lisaue was previously animated ; and to have looted 
apon its diantegi'aUon by oiyganation as suuply a consequence of its death. 
The doctrine of the " Ooprelation of Forces " being at that time undevel- 
oped, he was not prepared to recognize a boutce of motor power in the uite 
rior chemical changes which the substance of the muaele undergoes ; but 
Eoenis to have regarded them as only concerned in tho production of heat. 
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expenae of which the animal organism is constructed ; for 
besides supplying the material of tiie tissues, a portion of 
that food (as already shown) becomes the source, in ite retro- 
grade metamorphosis, of the production of the heat -which 
supplies the constructive power, whilst another portion may 
afford, by a lite descent, a yet more direct supply of organ- 
inicg force. And thus we find in the action of solar light 
SBd heat upon plants — whereby they are enabled not merely 
to extend themselves almost without limit, but also to aocti- 
nmlat* in their substance a store of organic compounds for 
the conanmptJon of aniaials — the xiltinaate source not only of 
the materials required by animals for theii- nutrition, but also 
of the forces of various kinds which these exert. 

Recent investigations have rendered it doubtful, however, 
whether the doctrine that every exertion of the functional 
power of the nervo-muscular apparatus involves the disinte- 
gration of a certain equivalent amount of tissue, really ex- 
presses the whole truth. It has been maintained, on the basis 
of carefully-conducted experiments, in the first place, that the 
amount of work done by an animal may be greater than can 
be accounted for by the idtimate metaniorphosis of the aao- 
tized constituents of its food, their mechanical equivalent 
being estimated by the heat producible by the combustion of 
the carbon and oxygen which they contain ;* and secondly, 
diat whilst there is not a constant relation (as affirmed by 
liebig) between the amount of motor force produced and the. 
amount of disintegration of muscular tissue represented by 
the appearance of urea in the urine, such a constant relation 
does exist between the development of motor force and the 
increase of carbonic acid in the expired air, as shows that 
between these two phenomena there is a most intimate relar 

* This view has been esprtsacd to the author by two very high aulhoc. 
itica, Pco£ Helmholta and Prof. WiiUam Thomson, independently of each 
other, as aa nlmoat necessary inference from the data famished by tha 
Bspeiirrients of Dr. Joule, 
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lionsliip.* And the concnrrenee of tliese independent indica- 
tions seeras to justify the inference tliat motor force may be 
developed, like lieat, by tlie metamorphosia of conalitnents 
of food wliicli are not converted into living tissue ; — an infer- 
eace which so fully harmonizes with the doetrLne of the direct 
convertihilily of those two forces, now established as one of 
Uie surest results of physical investigation, as to have in itself 
no inherent improhahility. Of the conditions which deter- 
mine the generation of motor force, on the one hand, from the 
disintegration of mnsoular tissue, on the other from the meta- 
morpliosis of tiie eooipoiieiita of the food, nothing definite caa 
at present be stated ; but we seem to have a typical example 
of the former ia the parturient action of the uterus, whoso 
muscular suhstanee, built up for this one effort, forthwith 
undergoes a rapid retrograde metamorphosis ; whilst it can 
scarcely he regarded as improbable that tlie constant activity 
of the heart and of the respiratory muscles, which gives 
Uiem no opportunity of renovation by rest, is sustained not so 
much hy the continual renewal of their snhstance (of wliich 
renewal there is no histological evidence whatever) as by a 
metaiuorphosia of «iatters external to themselves, supplying 
a force which is manifested through their instrumentality. 

To sum up : The life of man, or of any of the liigher 
animals, essentially consists in the manifestation- of forces 
of various kinds, of which tlie organism is the instrument ; 
and these forces are developed by the retrograde metamor- 
phosis of the organic compounds generated by the instru- 
mentality of the plant, whereby they ultimately return to the 
simple binary forma (wat«r, ciu-bonic acid, and ammonia), 
which serve as the essential food of vegetables. Of these 
organic compounds, one portion (a) is converted into the 
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Bubstance of the living body, by a constructive force which 
(in so far as it is not supplied by the direct agency of external 
heat) is developed by the retrograde metamorpliosis of anotlier 
portion (6) of the food. And whilst the ultimftte descent of 
the first-named portion (a) to the simple condition from which 
it was originally drawn, becomes one source of the peculiarly 
animal powers — the psychical and the motor — exerted, by tlie 
organism, another source of these may be found in a like 
metamorphosis of a further portion (c) of the food which baa 
never been converted into living tissue, 

Thtts, during the whole life of the animal, the organism 
is restoring to the world arotmd both the materials and the 
forces which it draws from it ; and after its death this resto- 
ration is completed, as in plants, by the final decomposition 
of its substance. Eat tliere is this marked contrast between 
the two kingdoms of organic nature in their material and 
dynamical relations to tiie 'inorganic world — that whilst the 
vegetable ie constantly engaged (so to speak) ia raising its 
component materials from a lower plane to the higher, by 
means of the power which it draws from the solar rays, the 
animal, whilst raising one portion of these to a still higher 
level by the descent of another portion to a lower, ultimately 
lets down tlie whole of what the plant had raised ; in so 
doing, however, giving back to the universe, in the form of 
heat and motion, the equivalent of the light and heat which 
the plant had taken from it. 
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